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PREFACE. 



In the course of a somewhat extensive experience I have often 
needed the assistance of a manual describing the principal features 
of the Machines employed in Gold Mining — their sizes, capacities, 
and speeds — ^and the rules and formulae governing their use. 

These points (it is believed) will be found sufficiently embodied 
in this work, and — so far as I am aware — no other volume yet 
published covers the same ground. 

Lengthy descriptions and catalogue extracts have been omitted, 
except in so far as the latter refer to the capacity of individual 
machines, while the notes on erection and other matters have 
been framed with the view of rendering practical assistance to the 
Manager and Mechanical Engineer. 



Petworth, 

Newton Abbot, 

Au^st 1906. 
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CHAPTER I. 

INTRODUCTOR K 

The remarkable growth of the gold-mining industry in recent limes — a 
fact of notable importance to mankind — is, to a great extent, attributable to 
the modern development and perfecting of the machinery employed. For 
on the efficiency of the plant and equipment of a gold-mine depend both 
the economical treatment of high-grade ores and the profitable handling 
of low-grade deposits. In the latter case, especially, it is of the utmost 
importance to utilise every possible mechanical advantage tending to 
reduction in expense of working and consequent economy in cost of 
output. 

The design and general arrangement of mining plant are influenced by 
many considerations ; the most important of these are the mode of deposi- 
tion of the ore body and character of the ore, the power available, and the 
amount and quality of the fuel and water accessible. In addition to these 
main features, various matters of secondary importance must be regarded, 
such as the extent of space at disposal for arrangement of the plant, and 
the contour of the ground as affecting all means of transport within the 
property. The ability of the attendants controlling the plant forms another 
factor to be considered, involving the question whether the increased 
economy of highly complex mechanism would justify, in particular cases, 
the importation of a skilled staff. 

When installing boilers of given evaporative power the inferiority of local 
fuel must not be forgotten, nor the decreased draught and smokestack 
efficiency common in tropical countries. 

The design demands regard to those matters of detail which go far 
towards fitting each machine to the particular conditions of its employ- 
ment: as, for instance, the use of studs in place of bolts in machinery 
intended to work underground. Such practice is allowable with rock drills. 
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which are easily sent to surface for repair ; but when applied to pumps it 
has led to disasters, for which the design is unfortunately seldom blamed. 

The difficulties of transport to outlying districts often demand serious 
consideration ; to what extent shall facility in this direction be obtained 
at increased cost both in manufacture and erection, and with a less 
efficient result. 

A sectionalised machine, when erected where it was made, may be as 
efficient as any other form ; but it is not so at the end of a long and 
difficult journey, when rust and rough usage have destroyed the accurately 
machined surfaces, and parts and connections have possibly been lost on 
the way. In such cases considerable skill is necessary to construct even 
a workable machine from the damaged remnants. 

All these local, and therefore constantly varying, requirements preclude 
the adoption of any standard design or system of arrangement. 

Orders for machinery, although originating at the mine, are seldom 
accompanied by complete plans and specifications; usually only the 
principal features are indicated, and reference in some cases made to 
those local conditions on which the design of the plant so largely depends. 

The manager, necessarily a man of many parts, is not always con- 
versant with mechanical details, nor may he be able to spare the time 
for I he investigations demanded. In such cases he cannot always rely on 
his mechanical staff, who are often practical men with little knowledge of 
theory, proportions, and strengths. Fortunately such orders are usually 
placed with manufacturers making a speciality of this class of work j and 
the result is something suitable for the duty to be performed, if not best 
adapted to the peculiar conditions of local service. 

Given an equipment of suitable capacity and design, its efficiency and 
cost of maintenance depend on the staff at the mine, on whom devolve 
the selection of proper sites, the provision of foundations, the correct 
alignment of parts to each other, and of units into a complete installation. 

Comparatively few mines are equipped at once for the output required, 
the machinery being generally erected in units at different times to keep 
pace with underground development; and when competent guidance is 
absent, the machinery becomes arranged in isolated groups and patches, 
with little regard to centralisation or the relation of units to the whole. 

The laying out and disposition of the mine plant are subject to condi- 
tions as numerous and complex as the design ; no rules can be laid down, 
though general principles may be indicated. 

In addition to the work of installing new machinery, the mechanical 
staff is daily confronted with problems arising from the state of the plant : 
in one mine a thousand gallons per minute are pumped regularly and 
without difficulty, another may be unable to cope with the same quantity 
hourly. Only those who have experienced it know the strain and worry 
of attempting to get regular results with inefficient and worn-out machinery. 
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Pumps break down, boilers leak, and pipes burst at all hours of the night 
and day, while the rush of repair work is carried on by those too fully 
alive to the hopelessness of their task. 

Just where they are most needed, the means for repair are frequently 
wanting, and no machine tools are to be found. On such mines even 
the screwing gear is incomplete, and some sort of a thread is made on a 
one-inch bolt by a pair of worn-out five eighths dies. 

Yet, even under these conditions, good work is done ; such difficulties 
call into play the fullest energy and resourcefulness of the staff. On one 
mine of this character the crank shaft of the mill engine broke twice in 
a fortnight, first through the pin, then through the web; yet it was 
repaired and the mill kept going for two months until a new shaft could 
\ye obtained ; the repairs being carried out entirely by native labour, and 
a ratchet brace the only tool available. 

As regards the running of machinery, there is little doubt that greater 
economic efficiency in the production and use of power would be obtained 
if the results were tabulated and made more apparent, and if the cost of 
a hundred horse-power spent in raising ore or water were known with the 
same accuracy as the gold extraction. The data required are easily obtain- 
able, the calculations by no means involved ; yet on many mines power 
is produced regardless of cost, efficiency untested and unknown, the 
indicator never used. 

Take, for example, the case of an air compressor using more than its 
common supply of fuel ; as most engines are provided neither with counter 
nor meter, it is not easy to decide whether increased work results from 
the greater consumption. Still more difficult is it, in case of loss of 
efficiency, to trace and locate the loss, which may be either in boilers, 
compressor, drills, or connections. 

The interests at stake are high, and this need of efficiency often 
apparent in no small degree ; yet it is only on a com|)aratively few well- 
established mines that inducements are offered to the right class of man 
to take charge of the plant. 

Often the training rather than the man is at fault ; any sort of training, 
marine or otherwise, being deemed sufficient ; theory and practice are not 
combined, and even practice is limited to ordinary workshop experience. 

Many mechanical engineers during the whole course of their training 
may have had nothing to do with foundations or pipe connections, or 
been taught how to lay off a line of shafting. In the wider sphere of 
outdoor work new phases arise ; while in foreign countries the accustomed 
facilities may be non-existent, advice and assistance in emergencies 
unavailable. 

Book knowledge cannot replace experience, su[)ply resourcefulness, or 
provide for the many possible combinations that may arise. Still, the 
Author hopes this work may prove useful to those engaged in this im- 
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portant and ever-increasing industry ; that it may assist managers in the 
selection of suitable equipment and indicate the principles on which the 
various parts are assembled in correct relation to each other; while to 
the mine engineer it may afford some of that information which workshop 
routine fails to impart. 
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CHAPTER II. 

MOTIVE POWER. 

Combustion — Fuels and their Value— Steam — Superheated Steam — Heat losses — Steam 
Motors — Water Power — (jauging Supply — Horse-power AvailaMe — Forebays — 
Ditches — Flumes, Pipes — Water Wheels — Turbines, Penstocks — Single and Double 
Vortex Turbines — Pelton Wheels — ^The Action of Gas, Oil and Petrol Motors — 
Electricity — Action of D}'nam(iS — Fixing and Running Dynamos and Motors. 

Steam. 

Combustion. — As most of the power used in gold-mining is obtained 
from steam, it will be advisable to consider briefly the princi|)les of com- 
bustion and steam production, especially as in most works of reference 
those features directly affecting the result are often obscured in masses of 
more detailed information. Even in the boiling of water an acquaintance 
with the theory of the subject is essential if our efforts are to be properly 
directed. 

Combustion is neither more nor less than oxidation, the chemical 
union of other elements with oxygen. This union takes place at varying 
rates ; the extreme on the one hand being the explosion in the gas, oil, 
petrol motor, or gun ; while as instancing tardy action we have the rusting 
of iron and the drying of paint. 

In producing heat for power purposes, combustion proceeds at a 
medium pace and the oxygen is caused to combine with fuels which are 
valuable as heat producers in proportion to the hydrogen and carbon they 
contain. Hydrogen is three to four times as powerful an a^ent as carbon, 
hence the value of hydro-carbons, or mineral oils, as heat producers. 

The atmosphere supplies the oxygen, and combustion commences 
when the elements are sufficiently heated for the chemical union to begin. 
In this union three parts by weight of carbon combine with eight by weight 
of oxygen, and form carbon dioxide ; while one part of hydrogen combines 
with eight of oxygen and ultimately forms water. 

No matter at what rate the combustion goes on, these proportions are 
rigidly adhered to ; should there be a surplus of any one element it does 
not destroy or impair the combination, but passes away uncombined. 
Combustion, therefore, may be incomplete but cannot be imperfect. In 
perfect combustion of perfect fuel nothing is uncombined, nothing left — a 
result nearly attained in oil burners. 



GOLD MINING MACHINERY. 



The quantity of air required depends on the carbon and hydrogen in 
the fuel. In the case of ordinary coal 12 lbs. of air contain the necessary 
oxygen, but in practice two, or even three times this amount is admitted 
to the furnace. The quantity varies also with the rate of combustion, a 
fierce fire and strong draught requiring less air than is necessary for slower 
combustion. The total heat obtained is the same in each case, though 
more may be available from the slow or fierce fire according to the 
temperature required. 

In well designed plants not less than 20 lbs. or 260 cub. ft. of air will 
be required for each lb. of coal consumed, while more must be supplied if 
gas or oil is burned. 

For the purpose of steam production the fuel is spread over a grate to 
offer a large area to the air admitted between the firebars. The quantity 
of fuel which may be burned on each square foot of grate surface depends 
on the quality of the fuel and amount of oxygen supplied, in other words 
the draught. 

The following table gives the average coal consumption in lbs. of coal 
per hour per square foot of grate : — 



Type of Boilc. 



Draught. 



Coal. 



Fuel in lbs. 
per sq. ft. 



Cornish . . . . . 


Ordinary 


Welsh . 


5 


. Cornish . . . . . 


Good 


Welsh . 


10 


Tubular and water-tulni . 


A -in. pressure . 
' J -in. pressure . 


Welsh . 


20 


Tubular and waler-tul)e . 


Welsh . 


25 


Tubular and water-tuljc . 


1 I -in. pressure . 


Welsh . 


30 


Tubular and \valer-tul)e . 


I -in. pressure . 


South Afiican 


20 


Locomotive 


Steam blast 

1 


Welsh . 


100 



The evaporative value of fuel is measured in British thermal units, the 
unit being the amount of heat required to raise i lb. of water one degree 
in temperature, from 32° to 33" Fahr. A million such units arc capable of 
evaporating 1035.2 lbs. of water from a temperature of 212°. The calorific 
value is highest in those fuels containing a large percentage of hydrogen, 
such as the hydro-carbons ; i lb. of petroleum being equal to nearly 2 lbs. 
of coal. 

The value of the fuels in ordinary use is as follows : — 



Fuel. 



Petroleum . 
Crude oil . 
Carl)on, pure 
Coal . 
Wood 



British Thermal Units 
per lb. 



27,000 
20,000 

i4»5oo 

14,500 
8,003 



Lbs. of Water at 212* 

Fahr. evaporated 

per Ih. of Kut 1. 



28 
21 

8 
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Although I lb. of good coal is capable of evaporating 15 lbs. of water, 
in practice this is never attained, the highest under careful test being 12.9 
lbs. ; in the everyday work of ordinary mine plant from 5 to 7 lbs. would 
be the average. 

Each 30 lbs. of water evaporated into steam at 70 lbs. pressure con- 
stitute one boiler horse-power; therefore when 15 lbs. of coal are con- 
sumed per hour on each square foot of grate, and each lb. of fuel evaporates 
7 lbs. of water, 3 J H.P. is being produced per square foot of grate. 

But the total heat evolved in combustion is never available for power 
purposes, some being lost by radiation, some by incomplete combustion 
and in forming draught. Whether the draught be produced by fans, steam 
jet, or chimney, in neither case is it obtained without expenditure of power. 
If an ordinary chimney is used, the best temperature for the escaping gases 
at the top is 600* Fahr., or approximately 20 per cent, of the total power 
produced is expended in obtaining draught. 

On account of the foregoing reasons only about 60 per cent, of the 
total heat obtained from the fuel is transferred to the water. In carefully 
designed plants it may an)ount to 75 per cent., and to 80 or even 85 
f)er cent, when economy has been especially studied and feed heaters and 
superheaters provided. 

The duty of the boiler is to transmit heat to the water within. This 
transmission is effected more quickly through thin walls than through thick, 
hence the quick steaming of those boilers whose tubes are thin and small 
in diameter. Heat is transmitted to the water in actual contact with the 
fire tubes, but water itself is a poor conductor and does not readily dis- 
seminate the heat it receives; thus the heating of the contents of the 
boiler is effected largely by circulation, or movement of heated water 
upwards and colder water downwards. Boilers with slow circulation are 
slow heat transmitters and slow steam producers. 

A boiler evaporating 9} lbs. of water per lb. of coal is utilising about 75 
per cent, of the heat produced, while many triple-expansion engines yield an 
indicated horse-power on from 1 2 to 20 lbs. of evaporated water per hour. 

Steam is deftned as " an elastic invisible gas, generated from water by 
the application of heat." Water at sea level boils at 212'' Fahr., and 
cannot be made hotter in an open vessel at that level ; in a closed vessel, 
however, the temperature of the water varies with the steam pressure. 
There is a great difference between the heat required to boil water and 
that necessary to turn it into steam, no less than 966'' Fahr. being used in 
the change of form which the water undergoes, this amount being known 
as the latent heat of steam. But for this fact the change would be 
instantaneous and the whole of the water pass away as steam directly 
boiling point was reached ; this is not t-he case, the change is gradual, and 
in accordance with the heat added. The heat required to evaporate i lb. 
of water is sufficient to melt 13 lbs. of gold. 
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The following table gives the temperature of ordinary saturated steam 
at different pressures, fractions being neglected : — 



Gauf^e Pressure 
in lbs. 


Temperature in 
degrees Fahr. 

240 


Weight of cub. ft. 
in lbs. 


Cub. ft. in I lb. 


lO 


.06199 


16.13 


20 


259 


.08508 


11.75 


30 


274 


.1077 


9.285 


40 


286 


.1299 


7.698 


50 


298 


.1519 


6.583 


60 


307 


.1736 


576 


70 


316 


.1951 


5.126 


80 


323 


.2165 


4.619 


90 


331 


.2378 


4.205 


100 


338 


•2589 


3.862 


125 


353 


•3"3 


3.212 


HS 


3^3 


•3532 


2.833 


175 


377 


•4153 


2.408 


210 


392 


.4876 


2.051 


3to 


424 


.696 


1.437 



In this table it will be noticed that when the pressure is already high 
less heat is required to produce a given increase in pressure. Steam at an 
absolute pressure of 50 lbs. per sq. inch requires an additional 46° of heat 
to raise its pressure to 100 lbs., while 13° are sufficient to raise the pressure 
from 350 to 400 lbs., and 21° to raise steam of 400 lbs. pressure to 500 lbs. 
In other words, it takes 1,154 B.T.U. of heat to produce i lb. of steam at 
90 lbs. pressure from water at So**; an additional 15 B.T.U. doubles the 
pressure, hence one source of economy in using high pressure steam. 

Ordinary, or saturated, steam contams from 5 to 15 per cent, of water, 
and, while in contact with the water in the boiler, cannot be heated above 
the temperature due to its pressure. 

In separate receptacles this can be done. The superheater used for 
the purpose is a coil or nest of tubes through which the steam passes and 
around which the flue gases play. Being in communication with both 
engine and boiler the pressure is not increased. It is an advantage peculiar 
to superheating that increased heat and possible useful work are obtained 
without any increase in the steam pressure. Since the work done is repre- 
sented by the difference in temperature between the steam admitted and 
that exhausted from the engine, greater range of heat gives greater useful 
work, or more work for the same fuel. 

The use of superheated steam necessitates no special engines, gear, or 
alterations to existing motors ; the advantages being most apparent in 
ordinary slide valve engines, pumps, and auxiliaries. Owing to the greater 
heat the density of the steam is diminished and the back pressure decreased, 
while there is less condensation on metallic working surfaces ; this latter 
loss alone sometimes amounting to nearly 30 per cent, of the steam used. 
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By judicious superheating the amount of steam used is decreased by 
lo or 12 lbs. per horse-power. The trouble with lubricating oil no longer 
exists, as mineral oils capable of standing the temperature are easily obtain- 
able. It is only at temperatures exceeding 500** that poppet valves must be 
substituted for ordinary slide valves. 

The average degree of superheat used is from 120"* to iSo"*, and engines 
are running in which the consumption of superheated steam has been 
reduced to within a fraction of 10 lbs. per indicated horse-power per hour. 

To obtain power economically, all practicable heat must be extracted 
from the steam. Decrease of heat not represented by useful work is loss ; 
steam must therefore be kept hot until its work is done. 

Heat Losses in Steam. — Pressure will be reduced and heat lost in 
passages of too little area. This may occur if the steam in any part of its 
journey has to travel at a greater speed than 100 ft. a. second ; but a more 
serious loss is the constant condensation in lengths of naked pipe. It 
seems generally taken for granted that there is equal steam pressure at each 
end of a pipe, one end being connected to the boiler, and the other to a 
pump some hundreds of feet down a wet shaft. Under such circumstances 
the loss may exceed i* Fahr. for each foot of pipe length. 

One horse-power is constantly lost in 152 ft. of naked 2-in. pipe, in 86 
ft. of 4-in. pipe, and in 53 ft. of 6-in. pipe. When these pipes are covered 
with 2 in. of non-conducting composition, it requires over 1,150 ft. of 2-in. 
pipe to lose a horse-power, 750 ft. of 4-in., and 500 ft. of 6-in. pipe. 

Steam, therefore, needs as careful insulation as electricity. It is not a 
suitable means for power transmission to a distance, but should be used as 
near as possible to the boiler, the pipes and passages being kept short, as 
some loss is inevitable, no matter how well clothed they may be. 

It is easier to produce steam economically than to make good use of 
the heat it contains, the most complicated and highly finished engine 
being a far less economical machine than a good boiler. The latter, as has 
been shown, utilises from 75 to 80 per cent, of the total fuel value; while 
an engine working on only 10 lbs. of steam per hour is consuming 1.02 lb. 
of fuel per horse-power, and utilising less than 25 per cent, of the total heat 
supplied to it. 

The chief loss lies in the heat still present in the steam when it is 
exhausted at the end of the stroke. Losses by radiation and condensation 
are also large, especially on those surfaces exposed each stroke to the cool- 
ing effect of expanding steam. The cylinder ports and clearance at the 
ends of the stroke cause losses most noticeable when steam is not used 
expansively ; while before any useful work can be done, the friction of the 
engine itself accounts for a proportion of the steam admitted, and constitutes 
the difference between indicated and brake horse-power. 

The above losses are inevitable and independent of the working oider 
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of the motor. Should the engine be in bad order, with leaky valves and 
pistons, and when the action is intermittent, as in winding, the losses 
become still more serious. 

It is safe to say that an engine in bad order, and working under 
disadvantageous conditions, makes use of less than 5 per cent, of the heat 
it receives. Some forms of direct-acting steam pump, for instance, use 
300 lbs. of steam per horse-power, representing between 40 and 50 lbs. of 
coal per horse-power per hour. 

Loss of Power. — These inevitable heat losses may be minimised as 
follows : — 

1. By placing engine and boiler close together so that the steam pipes 
and passages are short. The pipes should not be larger than necessary, 
and should be well covered with non-conducting composition. 

2. By a quick piston speed, a small high-speed motor being more 
economical than a larger and slower running engine. 

3. By the use of high pressure, preferably superheated, steam, used 
expansively, the expansion being carried out in stages, as in the 
compound system, so that the cylinder walls are not exposed to extreme 
variations of temperature. As the increased engine friction to some extent 
counteracts the advantages gained, the compound system is best suited to 
pressures of not less than 150 lbs.; this is especially the case when the 
engine is non-condensing. 

Steam Motors. — The principal purposes for which power is required 
are pumping, hoisting, and milling, to which may be added power for 
distribution in the form of compressed air or electricity. The various 
forms of engines suitable for the purposes specified being dealt with more 
particularly in succeeding chapters, it is only necessary to refer briefly to 
those characteristics desirable in engines for subsidiary purposes. 

In all remote districts it is advisable that these be, as far as possible, 
of one size and pattern, so that not only is a smaller stock of spare parts 
required, but in case of emergency a part may be borrowed from an 
engine not in use. This is especially the case with steam pumps for 
various purposes, including boiler feeding ; and complication may be 
avoided by restricting the number of patterns and sizes in use. 

Motcjrs which are self-contained, or stand completely on one base, 
are preferable to those depending on accuracy in erection for alignment 
of their parts. Sectionalised machinery is seldom thoroughly satisfactory, 
a multiplication of smaller units giving better results. 

The bearing surfaces must be ample, as lubrication may be irregular, 
while the margin of strength must be sufficient for rough usage, both 
during transport, and at the hands of unskilled attendants. 

VVhen wrought-iron bed-plates are used, the centre of the engine should 
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be kept low to avoid warping of the frame, which is liable to occur unless 
the foundation is of extra strength and the frame soundly secured to it. 

Compounding is not to be recommended in subsidiary motors unless 
the steam pressure is high or condensing gear available. 

Obviously the various forms of combined engine and boiler are not 
best suited for use in tropical countries, especially when, as in hoisting, 
the attendant has to be constantly at his post. 

There seems no reason why small standard engines, such as are 
ordered from stock, should not be arranged to run in either direction, and 
crossed belts and other complications avoided at the expense of an 
additional keyway for the eccentric. 

As delivered from the factory, the finished parts are seldom adequately 
protected from wet during transport. Cases containing highly finished 
machinery are often dumped on the sea beach below high-water mark, 
left on river banks, or allowed to stand unprotected for weeks in open 
trucks and waggons. On arriving at their destination they may not be 
immediately required, and, for fear of the contents going astray or being 
used for other purposes, they are not unpacked ; with the result that the 
working faces and polished parts lie rusting in' their packing of wet 
shavings or sawdust. All this might be avoided if machinery shipped to 
foreign ports were so protected by a coating of white lead and tallow as to 
stTnd immersion in water without injury. 

On the mine, economy may be gained by doing away with these small 
scattered motors, working under disadvantageous conditions, and adopting 
a systematic distribution of power from a central station. Nothing will 
be gained by merely grouping the boilers, as condensation in long lengths 
of pipe more than counterbalances any advantage gained. It cannot be 
too clearly understood that steam is one of the least efficient means at our 
disposal for distance-transmission of power. 

Water. 

Water is an economical source of power, and well suited to all forms of 
mining work. When laying out work in districts \*here water power is 
available it will be necessary to ascertain — 

1. The quantity of water at disposal, and if that quantity can be 
increased by storage. 

2. The total fall, and whether it can be increased by damming. 

3. The reliability of the supply in the driest months of the year, with 
due regard to the ])0ssibility of storage during wet seasons. 

Usually reliability is the weak point, sufficient storage being only 
possible by works of considerable magnitude. 

Few companies care to incur the expense of a duplicate installation for 
steam and water, throughout ; but on many mines an intermittent supply 
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is used for some particular purpose, such as pumping, steam being held in 
reserve. 

Gaug^ng^. — The quantity of water may be approximately ascertained 
in three ways : by measuring the flow through a submerged orifice, the 
flow over a weir, or by finding the velocity of the current at a spot where 
the channel is of fairly uniform sectional area. 

The first method requires a limber dam thrown across the stream, 
sufficient in height to destroy the current and pool the water ; a square 
opening of accurate dimensions is cut in the lower part of this dam. The 
orifice must be sufficiently above the tail-race to afford a clear and un- 
interrupted discharge, and the sides of the opening must be bevelled 
outwards, downstream, leaving the sharp edge of the bevel upstream. 
Having ascertained that the water has ceased to rise behind the dam, or 
in other words, the opening is passing all the coming water, the depth 
must be measured from the surface of the water above the dam to the 
centre of the submerged opening. 

The square root of this distance in feet, multiplied by the area of the 
opening, also in feet, arid by the constant 300, will give the discharge in 
cubic feet per hour with sufficient accuracy for practical purposes. 

In gauging by the second method, water is caused to flow over a dam 
or weir, usually built of planks, the upper edge of the top plank being set 
level and bevelled downstream as in the previous instance. The dam must 
be of sufficient height to pool the water and afford a clear drop of a foot or 
so to the tail-race ; in measuring small streams a notch is usually cut in the 
top plank sufficiently large to pass the coming water. 

As the overflow on the crest of the weir cannot be accurately measured 
from the surface of the passing water, a datum mark exactly level with the 
top of the weir is set a few feet upstream. The depth of water on this 
mark being measured, multiply the square root of the cube of the depth in 
inches by 5, which gives the number of cubic feet of water passing over 
each foot in width of the weir in a minute. 

Or the number of cubic feet per minute flowing over each foot of the 
weir in width may be found by the following table; the depth being 
measured, not on the weir itself, but on the datum mark, as described 
before : — 
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Fractions of an 


1 Inch. 




Depth of 












Water on Weir 






t 






in inches. 










A 







i 




i 


1 





0.0 


0.596 




1.69 


3.' 


I 


4.78 


7.46 




983 


II. I 


2 


13.5 


16. 1 




18.9 


21.7 


3 


24.8 


28.0 




31.2 


34.6 


4 


38.2 


41.7 




44.5 


48.9 


5 


53-4 


57.4 




61.4 


65.4 


6 


69.4 


74.1 




78.8 


83.6 


7 


88.4 


93.3 




98.2 


103.0 


8 


108.0 


103.0 




1 18.0 


123.0 


9 


129.0 


134.0 


1 


139.0 


145.0 


10 


151-0 


156.0 


1 


162.0 


168.0 


x^ 












1 




Cubic feet 


per 


minute. 





Having ascertained the quantity of water and the fall, the horse-power 
available is found by multiplying the weight of the water in pounds per 
minute by the fall in feet, and dividing by 33,000. 

The result is the actual or theoretical power, of which a motor will yield 
a percentage, varying according to its efficiency from 60 to 90 per cent. 
Assuming an average efficiency, the horse-power may be found by multi- 
plying the number of cubic feet of water per minute by the fall in feet and 
dividing by 700. By this formula, if any two factors are known the third 
may be found ; thus the number of cubic feet of water required to yield a 
given horse-power on a given fall may be found by multiplying the horse- 
power by 700 and dividing by the fall in feet. When the power and 
quantity of water are known, the necessary fall is found by multiplying the 
horse-power by 700 and dividing by the cubic feet of water per minute. 



Foreba]rs. — In laying out the plant the water inlet must be carefully 
designed, especially when the supply is drawn from mountain streams 
subject to periodic flooding. Floating material may be caught by screens ; 
they are more effective and less liable to choke when set at an angle than 
if placed vertically. Precautions must be taken against the accumulation 
of sand, gravel, and pebbles in the forebay ; this is liable to occur when- 
ever the current of the stream is interrupted, as by a dam. The bed of 
the stream may in this way be silted up level with the crest of the weir, 
leaving only a narrow channel through which the power supply passes to 
the intake. 

Stones, gravel, and pebbles are capable of doing considerable damage 
when projected at high velocity against the vanes of turbines or buckets of 
impact wheels ; and even sand rapidly erodes the nozzles through which 
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the water passes. Such substances should be sluiced out at intervals 
through gates placed in the forebay for the purpose. 

From the intake the water may be conducted in flumes, ditches, or 
pipes. Ditches are usually led along the hillside, and in steeply sloping 
ground are seldom satisfactory if cut only partly in the bank, even though 
supported by a wall on the outer, or low, side. Unless for very temporary 
use, it will be found cheaper to set the excavation farther back in the bank, 
so that both sides of it may stand on solid ground. With those inexperi- 
enced in hydraulic work there is a tendency to give ditches loo much 
inclination or fall, the result being, not only a loss of effective head, but a 
rapid current which cuts out the sides and banks. A slope of i in 500, 
or about 10 ft. in i mile, will generally be sufficient. 

The quantity of water delivered per minute will equal the area of the 
wetted channel in square feet, multiplied by the mean velocity of the current 
in feet per minute. 

Flumes may be used when rocky ground renders excavation expensive, 
or when, owing to contours, it is desirable to convey the water above the 
surface of the ground. In building flumes, square timber frames are made 
by mortising the top and bottom cross-pieces, and tenoning the two upright 
posts. These frames are spaced about 4 ft. apart, and the planking placed 
within them ; leakage is prevented by nailing slats over the joints of the 
planks, or by slightly bevelling their edges, and caulking the joints from 
within the flume with a strand of tarred marline. Inclinations of 30 and 
35 ft. to the mile may safely be given to flumes, provided the head so lost 
is immaterial. Except where timber is plentiful and iron expensive, pipes 
are preferable to flumes for permanent work ; the original cost may be 
greater, but that of erection and maintenance is considerably less. Pipes 
for this purpose are dealt with separately in Chapter XV. 

Motors. — The ordinary overshot water wheel is suitable in the follow- 
ing cases : — (i) Where a slow speed is required, as in pumping ; (2) when 
the water supply is abundant (as this form of motor has an efficiency of 
about 65 per cent, only); (3) when the fall is moderate, as a fall exceeding 
by more than one-eighth the wheeFs diameter cannot be utilised. The 
two following examples are taken from the mining district of Tavistock, 
Devon, a locality where water power is largely used for mining work, and 
where wire ropes and reciprocating rods convey power to great distances in 
all directions. Pumping wheel — fall, 50 ft. ; wheel diameter, 45 ft. ; width, 
5 ft. ; depth of rim, 1 2 in. ; depth of buckets, 1 5 in. ; number of buckets, 90 ; 
diameter of wrought-iron axle, 12 in.; 36 arms, each 6 in. square, bolted 
to cast-iron centres ; driving 240 ft. of 12-iu. pitwork, and 180 ft. of 9-in. 
pitwork, with a pumping stroke of 6 ft., and a reserve of power for greater 
depth. 

The dimensions of a wheel used for winding are as follow : — Diameter, 
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30 ft. ; fall of water, 32 ft. ; depth of rim, 11 in. ; width of buckets, 4 ft. ; 
depth of buckets, 12 in.; number of buckets, 84; 24 arms, each 5 in. 
square, geared 1 to 2 on to 6 ft. drums ; load, i ton net. 

The fall always exceeds the diameter of the wheel so that the water 
may fall into the buckets with a velocity slightly in excess of the peripheral 
speed, and tHat the lowest buckets may be clear of the tail water. 

In gold-mining work water wheels are usually replaced by turbines, as 
the demand for increased power necessitates either more water or greater 
motor efficiency. 

Turbines. — The principle of the turbine is too well known to need 
detailed description. The wheel is fitted with inclined curved blades 
between which the water is directed by gates or guides, these guides being 
adjustable to suit varying conditions of speed and power. I'he many 
varieties arrange themselves into two chief classes — the first containing all 
those wheels which work by pressure, in which case the buckets must be 
completely filled, and clearance space minimised. In the other class a jet 
of water acts on a section of the wheel only at any one time ; they are 
known as impulse wheels; the Girard turbine, Pelton, and Knight wheels 
belong to this class. Different makes of turbines vary in the direction in 
which the water acts. In some types, such as the Fourneyron, the water 
enters at the centre, and the wheel therefore surrounds the guide vanes. 
In others the guides are above, as the Jonval : or outside, as in the Vortex. 
Sometimes ihe water enters from below, and by its pressure relieves the 
foot-block from the weight of the vertical shaft ; this is the case at the 
Niagara power works. 

The efficiency of the turbine is about 75 to 80 per cent, of the 
theoretical power; 88 per cent, has been claimed in some American tests, 
and over 90 per cent, has been obtained from Pelton wheels under high 
falls. As the power available is the weight of the water multiplied by the 
fall, it follows that a large quantity of water at a small head may be just as 
effective as a smaller quantity at a higher fall. Turbines can be arranged 
to work either vertically or horizontally, and are designed for falls of even 
3 ft.; at this height 40 H.P. can be obtained from a wheel 7 ft. in diameter, 
passing 9,500 cub. ft. of water a minute. Vertical wheels are preferable 
for all low falls. 

When mounted in an iron housing, and standing on an iron base-plate, 
the whole machine is self-contained, and only needs bolting to a level 
foundation ; more care is required when the wheel is placed at the bottom 
of an open penstock, as the weights and pressures to be dealt with are 
considerable. 

The foundations should be of well-footed masonry, in which the wheel 
bearers are bedded ; these are then decked over, and a hole cut in the 
decking for the wheel, the edge around the hole being planed true and 
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level, as the base of the wheel must make a watertight joint when bolted 
down. 

Penstocks may be constructed of timber, provided the head of water 
does not exceed about 35 ft. ; for greater falls pipes are less troublesome. 
The timber penstock should be of sufficient size to admit of easy access all 
around the wheel ; it is built in the same way as a flume, the frames being 
stronger, spaced closer together, and strengthened by iron tie-bars in the 
lower part, where the pressure increases. A vertical shaft, an extension of 

the turbine axis, passes up through 
the centre of the penstock, and is sup- 
ported by bearers at intervals. 

When pipes are used, the turbine 
need not be at the lowest point of the 
fall ; the discharge, if piped away, and 
not exceeding 25 ft. in vertical height, 
being just as effective as an equal 
height above the wheel. When the 
fall below the wheel is utilised, the 
suction pipe should be carried down 
well below the permanent level of 
the water in the tail-race, see Fig. 2. 

If the water is properly screened 
at the forebay, and sticks and stones 
thus prevented from catching in the 
vanes, the only part of a vertical tur- 
bine needing occasional adjustment is 
the bearing supporting the shaft. This 
is either a foot-block, lined with lignum 
vitae, and lubricated by water, or is of 
the suspension type ; the latter, being 
situated above the wheel, is more 
accessible. 

Figs. I, 2, and 3 refer to a turbine 
erected on a South African gold-mine. 
Fig. I (drawn to smaller scale than 
the other two) is the intake or forebay, and shows the screens and sluice 
gates. Figs. 2 and 3 show the general arrangement of the wheel. The 
turbine is of the Jonval type, making 200 revolutions a minute, and yielding 
300 H.P. on a fall of 57 ft. and a supply of 3,800 cub. ft. a minute ; it is 
mounted on a cast-iron bed-plate bolted to the masonry lining of the pit ; 
two girders, built into the masonry, support the foot of the discharge pipe. 
The Single Vortex turbine is suited for low or medium falls ; in this 
pattern the water enters at the outside of the rim, being guided and 
regulated by four adjustable vanes. The discharge is at the side in 




Fig. 1. — Plan and section of Forebay for 
Turbine illustrated in Figs. 2 and 3. 
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horizontal wheels, and below when they are placed vertically; owing to 
its large diameter and consequent slow speed it may be used for direct 
driving in pumping and milling. 

The following tables have been kindly supplied by Messrs Gilbert 
Gilkes &. Co., Kendal, who are specialists in this class of work, and 
makers of the wheels referred to : — 

Single Vortex Turbines. 



Fall in Feet . 



Cub. ft. water per min. 
Revs, per min. 

Cub. ft. water per min. 
Revs, per min. 

Cub. ft. water per min. 
Revs, per min. 

j Cub. ft. water per min. 
Revs, per min. 

Cub. ft. water per min. 
Kevs. per min. 



',765 

45 

3.530 
35 

7,060 
25 



1. 177 
73 

2,353 
53 

4,706 
39 

9,412 
28 



8 



883 
91 

1.765 

71 



10 



706 
118 

1,412 
89 



3»53o 2,824 



52 

7,060 
37 



I 



66 

5.650 
48 



13,240 I 10,590 
• 28 I 36 



12 



Sg} .OH.1-. 



1,1761 
106/ 

2.353 \ 
8of 



20 



40 



'•''^]^S0 



»» 



^•'^} «° .. 



.. 



Double Vortex Turbines. 



Cub. ft. per min. 
Revs, per min. . 

Cub. ft. per min. 
Revs, per min. . 

Cub. ft. per min. 
Revs, per min. . 

Cub. ft. per min. 
Revs, per min. . 

Cub. ft. per min. 
Revs, per min. . 

Cub. ft. per min. 
Revs, per min. . 

Cub. ft. per min. 
Revs, per min. . 

Cub. ft. per min. 
Revs, per min. . 



Fall in Feet . 20 



706 

215 

1,060 
174 

1.412 
158 

1,765 
145 



30 

471 
300 


40 


353 
429 


706 

267 


530 

347 


941 
236 


706 
308 


1,176 

210 


883 
272 


1,412 
210 


',059 
245 


1,647 
192 


1,235 
245 


• • • 


1,412 
245 


■ • • 
• • ■ 


1,765 
220 



50 



282 , 

544 I 

424 
441 

565 
389, 

706 
340 

847 
300 

989 

300 

1,130 
269 



60 



235 
600 



353 
526 

471 
425 

588 
425 

706 
372 

824 
331 

942 
331 



1,412 I 1,176 
269 298 



70 


80 


202 
644 


176 
764 


303 
568 


265 

688 


403 
522 


353 
607 


504 
460 


444 
491 


605 
460 


530 
491 


706 


618 


400 


491 


806 


766 


357 


430 


1,008 


882 


357 


382 



90 



8?o} ^^H-^- 
235 \ 



730/ 3° 

314 \ 
644/ 



40 



3921 
592 j 



50 



i^n^ 



549 \ 
522/ 



s«}«° 



784 

405 



} 



100 



f. 



,♦ 



,♦ 



,, 



70 „ 



,» 



I, 



B 
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Fig. 4 shows the arrangement of the Vortex. The water enters the 
outside casing at the top — or in any other position that may be con- 
venient — and passing thence is directed by four (or more) guide blades 
on to the outer circumference of the revolving wheel, which is driven 
round at a velocity depending on the height of the fall. The water, having 
expended its energy in giving motion to the wheel, is discharged through 
the two central openings, half the amount being carried away by each 
suction pipe. The guide blades, it will be noticed, are movable, and 
turn about on a pivot placed near their inner ends. 



The Double Vortex consists of two separate single wheels, water being 
received at the outside and discharged on each side at the centre, con- 
sequently they are set horizontally. As the speed is higher than in the 
single wheel, this type is suitable for direct coupling to dynamos ; and it 
is worthy of note that, within limits, they tend to govern themselves to 
regular speed. When the load is diminished and the speed increases, the 
centrifugal force of the water carried round by the wheel opposes the 
entry of further supplies ; while if the speed is diminished by increased 
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load, the centrifugal resistance becomes less than normal, giving greater 
facility for entry of water, and tending to increase the wheel's speed. 

In Girard turbines a jet of water acts on only a part of the wheel's 
circumference ; in this way the high speed due to a considerable head of 
water on an ordinary turbine is avoided. As the wheel acts by impulse 
only, all fall below it is sacrificed. The water always passes through the 
wheel, being received on the inside and discharged on the outside ; speed 
is regulated by reducing the number or area of the jets. 

Impact Wheels. — For high falls this form of motor is extensively 
used, and the Pelton is perhaps the most popular example of this very 
simple type. In this particular wheel a jet of water is directed against 
bifurcated cupped buckets attached to the rim ; these buckets divide the 
jet, throwing the water outwards and backwards, clear of the wheel, with 
the result that the momentum of the water is transferred to the wheel 
itself. 

Nozzles of different sizes adapt the same wheel to varying water supply 
or power requirements ; while the speed can be governed automatically, 
either by altering the area of the jet or deflecting the nozzle. 

Normally the jet is directed in a line tangential to the centre of the 
buckets, and the speed of the wheel rim is half the velocity of the jet 
driving it. Impact wheels are suitable for all falls exceeding 50 ft., and 
under given conditions the number of revolutions per minute made by 
the wheel depend on its diameter, the resulting H.P. bearing no propor- 
tion to the wheel's diameter. The larger sizes may be directly connected 
to air compressors and line shafting ; while, in the case of low falls, two 
or more wheels may be mounted on the same axle, each being operated 
by multiple jets, if necessary. 

A reversing motion, suitable for hoisting, is secured by arranging a 
pair of wheels with jets in opposite directions. It is advisable to arrange 
the drive, should it be a heavy one, so that the wheel may attain its speed 
before the load is let on either by clutch or shifting belt. Under a constant 
head of water and a fairly even load the speed is remarkably uniform ; 
while an efficiency of over 90 per cent, is obtainable under favourable 
circumstances. 

The erection of this type of motor presents no difficulty beyond that 
due to ordinary alignment, to be fully described in following chapters ; 
when wheel and nozzle are mounted on a bed-plate they form a self- 
contained machine, easily bolted to foundations. Should they be separate, 
each must be securely anchored, as the pressures due to high fall are 
extremely severe ; and if, through any displacement, the jet no longer 
strikes the centre of the buckets, the efficiency of the wheel is at once 
reduced. 

Where deflecting nozzles are used, provision must be made for receiving 
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the jet when directed off the wheel ; for high pressures masonry is useless, 
and the wheel pit should be of sufficient depth to hold a good body of 
water as a cushion for the jet. 

The wear and tear of the wheel itself is practically nil. Nozzles require 
occasional renewal if the water is gritty, and it is advisable to keep a few 
spare buckets on hand. 

The following examples are taken from gold-mines in various 
countries: — 



Diameter of Wheel 
in Feet. 



6 
6 

5 

1 8^ 



Cub. Ft. Water 
per Minute. 



i8o 
150 
200 
240 

^75 



Fall in Feet. 



254 
270 

90 



415 



Drinng 



Forty 750-lb. stamps. 

Forty 850-lb. siamps. 

30- H. P. air compressor. 

390- II. P. air compressor. 
/ 80- 1 1. P. air compressor and 
V 75-ton concentrating mill. 



Fig. 5 represents a Pelton wheel with the housing removed ; it is 
designed to yield 60 H.P. on a 200-ft. fall, the speed being 225 revolutions 
a minute, and the water supplied through 1 1 and 1 2 inch piping. 

In the table given on the next page it may be noted that, at 700-ft. fall, 
each cubic foot of water per minute yields i H.P., and at 350-ft. fall, half 
a horse-power — facts easily remembered and useful in rough calculations. 
As an instance of high fall, a Pelton wheel at the Colmstock mine worked 
under a head of 1,500 ft., and yielded 4 J H.P. on i J cub. ft., or about four 
buckets of water a minute. This, however, is by no means the limit. Jets 
under a vertical head of 1,960 ft. are in use, the pressure at the nozzle being 
850 lbs. to the square inch, and the velocity of the jet approaching four 
miles a minute. 
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Pelton Wheel Table. 



Diameter of 
Wheel in Ins. 



15 



18 



24 



36 



48 



60 



72 



Fall in Feet 



(Cub. ft. per iiiin. 
Revs, per min. . 
Horse- power 

{Cub. ft. per min. 
Revs, per min. . 
Horse-power 

(Cub. ft. per min. 
Revs, per min. . 
Horse-power 



(Cub. ft. per min. 
Revs, per min. . 
Horse- power 

(Cub. ft. per min. 
Revs, per min. 
Horse- power 



/ 



Cub. fL per min. 
Revs, per min. . 
Horse-powt r 



100 



16 
613 
2i 

38 
510 

4 

49 

382 

7 



(Cub. ft. per min. ■ 113 
Revs, per min. - ; 255 
Horse-power 16 



205 
191 

29 

325 

153 
46 

473 
127 

67 



200 



23 
867 

6J 

42 
720 
Hi 

74 

541 

21 

166 
360 

47 

296 

270 

84 

466 
217 
"32 

670 
181 
190 



300 


400 


500 


27 

1,060 
Hi 


32 

I,22S 

i8i 


37 

1.370 

26 


49 
884 

21 


58 
1,021 

33 


65 
1,142 

47 


89 
663 

38 


104 

765 

59 


115 

850 

82 


205 
440 

87 


238 
510 

«35 


266 

571 
190 


364 
332 

•55 


414 

383 
235 


462 
429 
330 


564 
266 
240 


660 
307 
375 


735 
343 
525 


822 
221 
350 


93 • 

255 
535 


1,064 
285 
760 



600 



40 
1,500 

34 

70 

1,251 

60 

129 

938 
no 

287 
625 

245 

515 

4' 9 
440 

790 
376 
675 

1,147 
3*2 
980 



700 



43 
1,620 

42 

75 

1.351 

75 

135 
1,013 

135 

3»o 

675 
310 

550 
506 

550 

850 
406 
850 

1,250 

337 
1,250 



Gas, Oil, and Petrol Motors. 

All these motors are self-contained, easily erected, require no boiler, use 
fuel which is lighter than and more easily handled than coal or wood, and 
require no more skilled attention than an ordinary steam-engine. Por 
these reasons they are well adapted for districts where coal and wood are 
scarce, and transport costly ; also for preliminary work, and as auxiliaries 
in mines not possessing a power distribution system. Their weight is 
generally less than that of a steam-engine and boiler of equal power. 
Few gold-mines are so fortunately situated as to be supplied with gas, 
but with the adoption of the suction gas system, this type of motor seems 
likely to come into more extensive use. Petrol is not largely used, partly 
on account of the excessive transport charges. But all these motors are 
so alike in their action and arrangement that a description of one serves 
for the others also ; with unimportant exceptions, they are all on the four 
cycle principle — that is to say, the piston receives only one impulse in 
four strokes. 
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The explosive mixture is admitted to and exhausted from the cylinders 
by two ordinary mushroom valves, which are closed by springs, and opened 






by cams mounted on a shaft geared to make one revolution to two 
revolutions of the engine. 
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The cycle of movement is as follows : — As the piston recedes from the 
back cover the explosive mixture is drawn in through the inlet valve ; on 
the return stroke the charge is compressed to from 60 to 120 lbs. per square 
inch, and fired as the stroke is completed. The following outward movement 
is the impulse stroke, made under pressure of the exploded gases ; at the 
termination of ihe stroke the exhaust valve opens, and the return move- 
ment of the piston clears the cylinder for the next charge. The chief 
difference between gas, oil, and petrol motors lies in the way in which the 
explosive charge is prepared. In gas engines the gas is mixed with suffi- 
cient air to form an explosive mixture, after its pressure has been regulated 
by passage through a rubber bag. In engines using oil, the supply is 
atomised, either by a jet of compressed air or by passing through a heated 
vaporiser ; the oil may be kerosine, or the less refined varieties, and is 
usually supplied in the quantity sufficient for each stroke by a pump con- 
trolled by the governor. 

Petrol motors draw their supply through a carburetter, in which the spirit 
is sprayed and automatically mixed with the necessary air. In all these 
motors the explosive charge is fired in one of two ways ; either by a tube 
kept hot by a Bunsen burner, or by an electric spark ; the latter is more 
certain in its action, more easily regulated, and is gradually replacing tube 
ignition. Electricity is supplied either from a primary battery or by an 
accumulator charged at intervals ; during its passage to the spark plug its 
voltage is increased by a transforming coil. It is generally easy to change 
from tube to electric ignition by screwing a spark plug in place of the tube 
and supplying the necessary current of four to six volts. Motors of this 
kind are easily fixed, as they are all self-contained ; but owing to their 
irregular impulses, they need substantial foundations. Starting is usually 
effected by giving the flywheel a few quick turns by hand, only the larger 
sizes being fitted with self-starters. 

Should the cam shaft be removed at any time, care must be taken that 
it is replaced with the same teeth of the wheels in gear ; a tooth on one 
wheel and a space on the other are usually marked for this purpose. If 
these marks cannot be found, the wheels should be so meshed that 
the inlet valve lifts as the piston completes its backward stroke, and the 
exhaust valve just before the forward stroke is finished. Compression is 
the life of the motor, and can be roughly tested by the resistance felt 
when the engine is turned slowly by hand. High compression means 
economy in fuel. 

In the Diesel engine the charge is compressed to 500 lbs. per square 
inch, and the heat generated in compression is sufficient to fire the charge. 
To ensure good compression the piston rings must fit with exactness in their 
grooves, yet be free to expand ; new rings need careful bedding by filing 
and scraping. The valves need an occasional grinding to clear their beats, 
and when resting on their seats their stems should be a thirty-second of 
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an inch clear of the lifting tappets. Free circulation of cooling water 
around the cylinder is necessary, and is usually obtained from a tank, the 
cool supply being drawn from the bottom and returned to the top of the 
tank. The word '* cooling " is used in a relative sense only, a constant 
supply of cold water being detrimental ; most motors work best when the 
cooling water is about as hot as the hand can bear. 

Lubrication is another vital point, as all motors of this class need a 
regular supply of suitable oil fed through an automatic lubricator. If the 
oil is unsuitable, or if too much is used, the interior of the motor becomes 
covered with a deposit of burnt oil. Heating of the engine and premature 
ignition will result if this deposit is not cleaned off at intervals ; heating 
may also be caused by too rich an explosive mixture. 

There is nothing mysterious about these motors ; they work regularly 
if the necessary conditions are ful5lled. Provided the lubrication is good, 
and the working parts in proper order, valves and piston tight, the only 
things likely to cause trouble are the mixture and the firing. 

The firing tube may be cracked, may not be high enough, or not a 
bright red heat ; many new tubes split when first put in because they have 
not been thoroughly dried beforehand. Electric firing is easily tested by 
unscrewing the plug and seeing that it sparks when connection is made 
with the coil ; the two sparking points should be ^,i of an inch apart. 
Again, an accumulation of grease or dirt on the commutator may prevent 
proper contact being made ; it is also necessary to see the timing cor- 
rectly set, so that the firing occurs on the completion of the compression 
stroke. 

Trouble is more likely to be caused by a mixture containing an in- 
correct proportion of gas, known as too weak or too strong a mixture. 
This is tested by altering the air admitted at the air inl^t until the result 
is satisfactory. Valve springs need occasional changing or adjustment 
to ensure that the valves close sharply, and none of the charge is lost 
by their tardy movement. Exhaust pipes should be kept clear of timber 
work, and the sound may be muffled by leading the pipe into a perforated 
drum filled with coke or old chain. 



Electricity. 

The following remarks are in no way intended to replace tlie fuller 
information contained in books devoted to the subject, but no description 
of mining machinery would be complete without reference to this valuable 
medium for transmission and distribution of power. In its wider applica- 
tions electricity must be a special branch of engineering, but its use in 
mining is becoming so general that mining men will find some knowledge 
of its principles absolutely essential. 
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Perhaps the first step in this direction is a clear conception of a few 
of the terms used in speaking of electric currents ; these are more readily 
understood when compared with similar terms used for steam and water 
power. 

The Volt is the unit of electromotive force and corresponds with 
strength or pressure, with the height of the fall in case of water power. 
The voltmeter measures the voltage or strength of a current, just as a 
steam gauge shows the boiler pressure. 

The Ampere is the unit of quantity, and corresponds with the 
amount of water available. Just as equal effects may be produced by large 
and small quantities of water falling through unequal heights, so in 
electricity the current may be many amperes at*a low voltage, or few 
amperes at high voltage, yet each may be equal to the other, and may be 
transformed into the other. The Ammeter measures the amperage or 
quantity of electric current. 

The Watt. — The available power of a waterfall is estimated by two 
factors, weight and fall, multiplied together; so the electric current is 
measured by volts multiplied by amperes, the resulting figures being 
termed watts. The watt is therefore a measure of electric power, and 
746 of them are equal to an indicated horse-power. 

Conductors. — Like water, electricity tends to equalise itself and flow 
from points of greatest pressure ; in doing so, it follows the line of least 
resistance, and its passage from point to point is called a current. Sub- 
stances that offer little resistance are called conductors ; those which are 
such bad conductors that they practically prevent the flow of electricity 
are known as insulators. Among the former class are the metals ; 
among the latter, glass and vulcanite. The resistance offered by a con- 
ductor of any given material is in proportion to its length and in inverse 
proportion to its sectional area. The operation of conveying electricity 
may be compared to the passage of a liquid through a pipe, and we know 
that an increased head is necessary to pass a given quantity of liquid 
through a smaller pipe. 

Circuits. — In practice the conductors take the form of wires, and 
in its passage through them the current forms a circuit. When the lamps 
or motors form connecting links between the two wires, the circuit is 
called " parallel " ; when they are arranged one after the other on the 
same wire, the arrangement is known as "series." 

A Dynamo in its simplest form consists of a pair of magnets, and 
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I a number of conductors which cut or interrupt the lines of attraction 

I between these magnets. In practice, the conductors would be bound 

together into a revolving armature, while the magnets are wound with 
wire to increase their attractive power. The current in the armature 
is collected by brushes, and may be of two different kinds. In the course 
of every revolution each conductor will cut the field between the mag- 
nets in two opposite directions, upwards and downwards. If the current 
generated in each direction is collected separately, the result is an cdter- 
noting current. On the other hand, by collecting the current through a 
commutator formed of insulated bars, the brushes can be arranged to take 

I up current in one direction only, and be insulated or out of gear when the 

conductor is moving in the opposite direction ; the result in this case is a 

[ continuous or direct currents 

It must be understood that by reversal of current the dynamo 
becomes a motor, and vice versa. Both machines are alike in all im- 
portant characteristics, and differ only in minor constructional details. 

The Armature of a dynamo or motor consists of a central core 
around which the insulated conductors are arranged. In ring armatures, 
the conductors are wound around a ring. In the more common drum 
armature, the core consists of a number of iron discs, each insulated from 
the others; upon these the conductors are wound in layers, the current 
generated in each coil of conductor being conveyed to the insulated 
commutator, and there collected by the brushes. 

The Magpnets, of which there may be two or more, usually in pairs, 
are wound with wire so that they may be excited in different ways. 
When the field magnets are ** series " wound they are covered with a few 
turns of large wire conveying all the current generated. The strength of 
the magnets, therefore, varies with the current, and this form of winding is 
suitable for great variations of load. 

Shunt-wound magnets are covered with many turns of fine wire, 
through which a portion of the current is sent, or shunted ; as the small 
wire offers considerable resistance, the degree of excitation is practically 
uniform and in inverse proportion to the current generated, being relatively 
weakest when the current is strongest. 

In compound winding both the above systems are used, so that the 
increased strength of the series winding may be balanced by increased 
proportional weakness in the shunt winding, and a uniform output 
maintained. 

Fixing^. — Dynamos and motors may be either directly connected, or 
may receive or deliver power through a belt ; in the latter case they are 
generally mounted on sliding base plates controlled by parallel screws, and 



28 GOLD MINING MACHINERY. 

in either case a solid foundation is required to absorb vibration. Concrete 
is the best material for the purpose ; small machines may be placed above 
the foundation pit, the anchorage bolts dropped into position, and the 
concrete bedded around them. 

For larger machines the foundation must be laid out with bolt and 
crow holes, as described in engine erection. The machine should stand 
at a convenient and accessible height above the floor, the base-plate being 
accurately levelled and grouted beneath the pure cement. The alignment 
of the machine is described in the chapter dealing with shafting. 

Before starting the machine careful inspection will be made to see that 
none of the wires or connections have been damaged or broken in transit, 
and that it has been thoroughly cleaned of all dust, dirt, chips, and packing 
material. The brushes require setting like the valves of an engine ; for this 
purpose they are mounted on rockers, and two marks made on the com- 
mutator. The armature should be turned until these marks are horizontal, 
and the brushes set in their rockers so that their tips are level with the 
marks. Care must be taken that the brushes are squarely fixed in their 
holders, and bear their whole width on the commutator. 

Even when connections are right and contacts clean, new machines may 
fail to excite; when this happens current must be supplied to the magnets 
from a primary battery or another dynamo. Failure to excite may also be 
due to insufficient speed. 

Motors at work. — When at work, with the exception of lubrica- 
tion, the brushes and commutators require most attention ; the amount 
of sparking is a fair guide to the adjustment and condition of the 
brushes, and the rockers should be gradually shifted until sparking is 
minimised. 

Sparking may also be caused by too light contact, or insufficient area of 
contact between the brushes and commutator, while too heavy a contact 
results in unnecessary wear. When in good order the commutator looks 
like burnished copper. Roughness or small grooves may be removed by 
a fine file followed by emery cloth used when the machine is revolving ; but 
should the commutator be badly cut, it may be necessary to turn it up by 
using a slide rest temporarily bolted to the bed-plate. 

Before stopping, the speed should be reduced, switches opened, and 
brushes lifted when the machine is nearly at rest. When not in use, it is a 
good plan to keep the machine covered up and protected from oil and dust, 
a very thin layer of this mixture on some parts being liable to cause short 
circuit and serious damage. 

On leaving the dynamo the current passes to the switch-board, to which 
the circuits are connected, and from which they are controlled. Each 
circuit may be provided with a rheostat, to regulate the potential by inter- 
posing resistance, and with fuses which melt and cut off the current in case 
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of overheating. Motors are often provided wiih multiple switches, so that 
the current is gradually applied and damage to insulation avoided. For 



FKi. 6.— Twothrow Elec 



Fig. 7,— Three-phase Winding Engine. 



ordinary lighting and distribution of power tto and zso are the voltages 
generally used, potentials which do not need the special precautions 
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necessary in dealing with high voltages, such as are used in distance trans- 
mission or power. 

When used for power purposes only, the three-phase system is generally 
admitted to be most suitable, as effecting a considerable saving in con- 
ductors ; but should light and power be required from the same circuit, the 
two-phase system is preferred. 

Electricity is a suitable medium for conveying power to isolated work, 
such as subsidiary shafts, or diamond drills, and may be applied wherever 
motive power is needed. As the motor revolves at a high speed it is 
directly connected to centrifugal pumps and ventilating fans; but when 
the turning moment of the load is heavy, gearing is necessitated by the 



Fli;. 8.— Twc-tlirow Electric Cenltifugal Pump. 

small torque applied. This complication is gradually being removed ; trams 
are running in which the geanng is only four to one, while in some cases 
the motor is coupled dingily to the car axle. 

Inevitable losses occur in every transformation of power, and in the use 
of electricity these losses are due to the friction of the machines, resistance 
in machines and conductors, and leakage through imperfect insulation. 
Thus in driving a dynamo by water power, the water motor may develop 
80 per cent, of the power applied to it, while the dynamo yields 85 to 90 
per cent, of the power it receives. 'Ibis percentage is subject to further 
deduction for losses in transmission, and in converting the current into 
useful work at its destination. 

Electric Pumps and Hoists.— Figs. 6, 7, and 8 illustrate electric 
motors as supplied to pumping and hoisting by the Sandycroft Foundry, 
Chester, a firm who have taken a leading part in the application of 
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electricity to mining purposes. These machines can he arranged either 
for direct or alternating current. The firm in question also make a very 
compact liquid starting switch for three-phase currents. The principal 
features of this switch are : absolute freedom from sparking, contacts do 
not require renewal, no evaporation of liquid, cannot be burnt out, and can 
be arranged for pressure up to 550 volts by simply altering the strength of 
the solution. 
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CHAPTER III. 

ENGINE ERECTING. 

Foundations, Setting Out, Material for — Laying Out and Building Foundations — Erect- 
ing Engines — Lines — Levelling — Aligning the Crank Shaft — Centring Gui(ies and 
Cylinders — Placing Engine on Centres — Assembling — Valve Setting — Jointing — 
Adding a Second Side — Adding a Second Cylinder in Tandem Position. 

Foundations. — In building foundations the main objects in view are — 

1. To form an unyielding bed for the support of the machinery. 

2. To absorb vibration. 

3. To resist the pull when power is transmitted beyond the base of 
the engine, as is the case in pumping, winding, and driving by ropes and 
bells. 

In erecting, not only must the various parts be correctly assembled, but 
the whole machine must be correctly placed with regard to the direction in 
which power is to be delivered, 'i'his direction corresponds with the 
datum line from which the work is laid out, and should be fixed with such 
permanency that reference to it is possible until the work is comi)leted. 
Details may differ with the size, shape, and purpose of the motor ; but the 
principles involved remain unaltered. For the purpose of illustrating these 
principles it will be sufficient to describe the erection of a pair of Corliss 
engines, as this pattern is made in three trunk pieces and presents perhaps 
more difficulty than the ordinary engine mounted on a bedplate. 

Assuming that the engines have to be connected with a mine shaft, 
the first requisite will be a base line, connecting the two, from which the 
work will be laid out. This line is easily obtained by the help of a 
theodolite, set up on and squared with the collar of the shaft ; the exact 
station of the instrument will depend on the purpose for which the engine 
is to be used. If for winding, it is set up ip the centre of the winding 
compartment, or midway between them if there are two compartments. 
In setting out for a pumping engine, the theodolite is fixed at the same 
distance from the end of the shaft as the centre of the pump rods will be. 
It is not always safe to assume that the collar is square with the shaft 
itself, and a small error on so short a base is magnified when the line is 
extended one or two hundred feet. Plumb lines may be dropped down 
the shaft to guard against error from this cause. 

In incline shafts a sight may be taken to a candle, placed a hundred 
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feet or so down the shaft, and the same distance from the end of the shaft 
as the instrument is set ; the reversal of the telescope, if the theodolite is 
level, will give the required direction. The line so obtained will be the 
direction required, and may, or may not, correspond with the centre of the 
engine to be erected ; it will be so if the engine is direct-acting, and will 
not be should gearing intervene between the engine and the pumping 
shaft or winding drums. 

In order that this direction, or datum line, may be preserved for 
reference, a stout post is fixed in the ground, at least 10 ft. nearer the 
shaft than the proposed excavation, and another at least 10 ft. farther away. 
The tops of these posts being sawn off level, a nail is inserted in each by 
an assistant, who holds it exactly in line with the centre web of the tele- 
scope. A fine line or piano wire, stretched between these nails, will 
coincide with the direction given by the theodolite. 

The theodolite may be considered almost a luxury. It is, of course, 
possible to dispense with it and to obtain the line from bobs, hung at the 
collar and carefully squared with the shaft itself. From a position well 
behind the plumb lines, sight should be taken along them, while an 
assistant adjusts the posts and nails in position. This method is preferable 
to any attempt at projecting so short a base by stretched whipcord, which, 
in exposed places, is liable to deflection and vibration through wind 
pressure. 

Alignment being secured and the requisite distance measured off, the 
site of the excavation may be pegged out, allowance being made for any 
difference between the centre common to the pair of engines and the 
datum line. I^t the excavation be at least 2 ft. greater on each side than 
the measurement of the masonry to be built. 

The sides and ends of the pit will be lines either parallel with the 
original datum, or at right angles to it ; those at right angles are set off by 
a square with sides at least 4 ft. long, by theodolite or optical square, or by 
application of Prop. 47, Euclid i. In the latter case the lengths 3 and 4 
may be taken as bases and 5 as the tie line ; any multiple of these numbers 
does equally well. 

The excavation will be carried down to firm picking ground, preferably 
rock or gravel. When a firm bottom cannot be reached within reasonable 
depth, it may be necessary to extend the dimensions of the pit, so that the 
weight is distributed over a large area ; in bad cases piles may be required. 

Materials for Foundations.— As building stone can generally be 
obtained near at hand, most likely from the mine dump, foundations or 
" loadings " are usually built of stone, though concrete is used where 
skilled labour is scarce, and is equally effective. 

In some countries, where lime and cement are practically unobtainable, 
timber frames, or " horses," are laid on bearers in the foundation pit, and 

c 
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filled around with rock. No matter how well fitted or braced Ihese frames 
may be, play is always liable to develop in the joints. Under such 
circumstunccs, perhaps, the soundest timber foundation is made of a crib 
work of heavy squared l(^s forming a box ; bearers are provided below for 
anchorage of foundation bohs, and above to carry the engine. The bolts 
pass right through from top to bottom, binding the whole together, and the 
interior is filled with stone broken to the size of road metal. 

Foundations of this kind have been successfully used in the gold-mines 
of Venezuela. 

Laying out Masonry. — If masonry is to be used, the pit k first 

levelled up by a paving course, or by concrete filling ; pointed plumb bobs 

are suspended from a wire stretched between the datum points, and that 

line transferred to the bottom of the pit. The ends of a slraight-edge are 

brought to coincide with the 

. ■ — ,. ,— ■ ■— . ;- --I- irb bobs, and the line 

j ■ j ■ I "r. d in damp mortar by a 

; . 1 I SatUM ., 1 ; ! •■ > irowel. 

Irom this, it is easy to 
iti vff parallel lines indicat- 
ing the centre of each 
engine and the width of the 
masonry blocks; a line at 
right angles to these, and at 
the correct measured dis- 
tance from the mine shaft 
will be the centre of the 
crank shaft, and it should 
be fixed for reference, as all 
longitudinal measurements 
Fig. 9. —Concrete Sole-plaie. are made from it. Across 

each block of masonry are 
marked the spaces for the crow holes, their sides being parallel with Ihe 
crank shaft line, and each being the correct distance from that line. 

Footings— The firat or footing course may now be laid and carried 
up level with the tops of the crow holes, usually 12 or 15 in. ; above this, 
the masonry is often set back on each side, the object of the extended 
footing course being to distribute the weight, 

Sole-Plates. — These are the anchorage blocks through which the 
holding-down bolts pass, and must now be put in place. They may be 
slabs of stone with holes drilled through them, or blocks of concrete made 
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in rough timber moulds, ihe holes being cored out and a shallow recess 
left around each hole to take the foot of the pipe. When bolls are 5]»ced 
closely together, it is often advisable to anchor two or more of them to the 
same slab. 

Fig 9 shows a concrete sole-plate : the section illustrates the depres- 
sions left around the bolt holes to receive the pipes, while the plan shows 
these pipes in position. 



6 

Fig. lo. — Plan of Engine I.i»i<ting. 

The masonry has now reached the stage illustrated on the right-hand 
side of Fig. lo, and we now require to reproduce the centre lines at a 
height not much above the tops of the sole-plates ; ordinary whipcord 
answers very well for this purpose. In Fig. to the Hne a d is the common 
centre of the engines, the datum from which all transverse measurements 
are made ; it is either the original datum line or one parallel with it. 
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The line k l is the centre of the crank shaft, and from it all longi- 
tudinal measurements are made. We will assume that the first pair of 
holding-down bolts for the main bearings are each 2 ft. from the crank 
shaft centre, and 5 ft. distant from the common centre of the pair of 
engines. 

On a staff with at least one edge truly planed, pencil marks are made 
at o, 5, and 10 ft. ; it is then placed so that the 5-ft. mark corresponds with 
the centre line a b, and its planed edge is parallel with and 2 ft. distant 
from the crank shaft line K L. The sole-plates are now brought into 
position until the centres of their holes correspond with the pencil marks 
on the staff, care being taken that the latter is replaced in its original 
position should it be shifted by the movement of the sole-plates. Fig. 10 
show^s two sole-plates for the right-hand cylinder in position. 

In this manner, proceeding from the crank to the cylinder end, the 
sole-plates are separately brought into place, the right and left hand sides 
being adjusted by one measurement made from the common centre a b ; 
while the longitudinal distances are all referred to the crank shaft line K l. 
Should there be any doubt about the accuracy of the work, it may be 
checked by a wooden template made from the engine bed, but this is 
not necessary. 

The masonry may now be carried up another course, level with the 
tops of the sole-plates. 

The timber pipes, through which the holding down bolts pass, are 
about 3 in. square inside, 4 in. square outside, and of sufficient height 
to reach to the top of the loading, less the depth of the cap stones. Their 
feet rest in the depressions made for them, keeping them concentric 
with the bolt holes ; when the sole-plates are stone slabs, care must 
be taken that the masons do not shift these pipes in building the first 
course or two. 

When the feet of the pipes are steadied by a course of masonry, their 
upper ends must be braced in both directions, that they may not be 
deflected from the vertical during the building of the loading. Narrow 
strips of boarding, about 2 by J in., are used for this purpose ; on each 
strip is marked the exact distance apart of two or more holding-down 
bolts, and a wire nail driven just through the strip at each mark. Having 
pencil-marked the centre of the pipes near their upper ends, apply the 
strip so that the nail points correspond with the marks, and nail fast. In 
large work strips are advisable on each side of the pipes. 

The line of pipes, being thus correctly spaced, must now be secured 
in a vertical position by struts at each end of the loading. In the same 
manner the different rows are spaced crossw^ays, and strutted to the 
sides of the pit ; here again the accuracy may be checked by template if 
desired. 

P'ig. 1 1 shows the foundation with two pipes in position on the left or 
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sectional part of the illustration ; this figure is reproduced at rather 
smaller scale than Fig. 10. 

Buiiding.^As the work of building proceeds, the levels must be 
checked from time to time, that recesses may be left where required for 
pipes, brake beams, dash pots, or crank pins. When concrete is being 
used, wooden moulds of these recesses are prepared ; in large masses of 
concrete it is economical to introduce blocks of stone, or "plums," into 
the body of the work. Each block should be thoroughly cleaned and 
roughly dressed, to ensure the adherence of the concrete bedding. 

In ashlar facing the stones comprising each course should be, as 
far as possible, of one height ; the vertical joints should be square with 
the course, and fall on the centre of the stones below. In any case, a 
continuous line of vertical 
jointing should be avoided. ^ 

Bond stones, introduced 
at intervals, serve to tie the 
face to the body of the work ; 
and as the face of each 
course is completed, the in- 
terior is filled with well- 
bedded stone set in mortar, 
and the whole course flushed 
level with chips and mortar. 

The tie -pieces between 
the pipes are removed as the 
work advances, and a set 

back is usually left at the Fjc. 11.— Oos^i-sccLii.iiod^fldiiie. 

floor level of the engine- 
house ; the cap stones, either dressed stone or concrete, and provided with 
holes for the bolts, must be carefully bedded and levelled ; they are almost 
counterparts of the sole-plates appearing in Figs. 10 and 11. For small 
work a wooden frame is sometimes substituted for cap stones. Finally, the 
masonry should be allowed time to harden and settle before any machinery 
is placed on it. 

The Engine. — The following remarks apply equally to every class of 
engine, and, granted good design, sound material and workmanship, the 
life and duty of the engine depend on the accuracy with which its erection 
is performed. Unfortunately, this work is sometimes undertaken by men 
who have no experience to guide them, and do not realise the ]>rinciples 
involved. 'The author has seen horizontal condensers disconnected, being 
so much out of line that air-pump rods only lasted a few months; tandem 
compounds with the low-pressure cylinders disconnected for the same 
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reason ; connecting rods heated and bent in endeavour to bring the big 
ends into line with the crank pins ; to say nothing of a mill engine that 
would not run without its load on less than 40 lbs. of steam, and was fed 
for days with a mixture of sand and water in vain attempt to grind the 
bearings into alignment. 

In engine erecting accuracy does not mean something that can be 
measured with a 2-ft. rule, but a few thousandths of an inch measurement 
only to be obtained by the careful gauging of a trained hand. 

When the top of the loading is some height above the ground, the 
various parts of the engine may be raised into position in several ways. 
Heavy and unwieldy pieces, such as bed-plates, may be hauled up an 
inclined plane built at the end of the loading ; pieces of awkward shape, 
as cylinders and condensers, may be mounted on skids and fed with rollers. 
Usually all parts can be dealt with one or more pairs of shear legs, which, 
when properly controlled by block and fall guy.s, can be swayed a con- 
siderable distance on each side of the vertical, thus covering a much larger 
area than a fixed tripod. When the w^alls of the engine-house are already 
built, the hoisting gear may be suspended from cross beams resting on 
temporary wall-plates, to distribute the weight and protect the walls from 
injury. 

Assuming the different main parts of the engines to be resting on the 
loading, the main bearings, cylinders, and guides are roughly in their 
respective positions, and their bolt holes corresponding with those in the 
cap stones; bolt these parts together, and place the crank shaft in its 
bearings. 

In addition to the ordinary gear and tackle, the following tools will be 
required : — A fine silk line or coil of piano wire ; a brass level with ground 
bubble ; two plumb bobs with silk or thread lines ; a staff planed true and 
parallel throughout its length ; about thirty wrought-iron wedges, each about 
2 in. wide by 6 in. long, | thick at the butt, and tapering to the point. 

Setting Lines. — Whether the engine is to be in line with some 
particular point in the mine shaft or parallel with an existing run of mill 
shafting, the line to which it must conform will be that laid down when 
the work was begun. This line must now be reproduced by a wire stretched 
the full length of the loading, and as near the centre of the engine as the 
diameter of the crank shaft permits. Accuracy is attained by plumbing 
from this wire to one stretched between the permanent datum marks 
below, the upper wire being shifted until their alignment agrees. The line 
thus placed will be a h in Fig. 10 ; two other lines c n and e e, 
parallel with a b, will be rccjuired to represent the respective engine 
centres. But as these intersect the paths of the crank pins and prevent 
the shaft from being rotated, it will be advisable to put up only one at 
a time. 
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Too much care cannot be exercised in correctly placing these wires, as 
all measurements about the engine will be referred to them. Perhaps the 
most convenient plan is to fix a stout plank at each end of the loading, and, 
with the help of a spirit-level, make a horizontal mark across each plank at 
the same height above the cap stones as the engine centre. Measuring 
from the common centre of the engines with a staff correctly marked, 
lay off on these lines the correct distance of each engine from the 
common centre, and bore i^-in. holes through the planks at the points of 
intersection. 

The wire is now reeved through the guides, cylinders, and condenser, 
passed through the holes in the planks, made fast at one end to a piece of 
round iron, while the other end terminates in a ^-in. straining bolt to take 




Fig. 12. — Longitudinal View of Loading, showing Centre Wire. 

up the sag. If the work has been correctly done the wires will he in their 

proper positions when in the centres of the holes in the planks ; but this is 

not likely, and the levels and horizontal distances are alternately adjusted 

until their positions are correct. 

This final adjustment is rendered easier when the planks arc firmly 
fixed and the holes bored at the proper level. 



Levelling. — The main bearings are levelled with a spirit-level placed 
on the flywheel keyseat, or any parallel part of the shaft. The bearing to 
be raised should be lifted with the point of a crowbar resting on a piece of 
flat iron, wedges bein^ driven only for final adjustment. These wedges 
are inserted at the front and back of the bearing, two at each end ; folding 
wedges may be used should one not be thick enough. 
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The accuracy of the levelling may be checked by a plumb line suspended 
from a point above, so that it shall hang near the crank face. With the 
crank in its highest position make a mark in its face near the circumference, 
and measure from the mark to the plumb line. Now turn the shaft until 

the mark is in its lowest position and again measure 
to the line. If both measurements are identical, the 
shaft is level. It is immaterial how much the crank 
face is out of truth provided the measurements are 
made to the same point. Should there be any end 
play in the bearings, eliminate it by pushing the shaft 
hard over to the right or left each time a measure- 
ment is taken. 

This plumbing is only necessary when the level 

cannot be relied on, and should be avoided if pos- 

^ J sible, as it is likely to interfere with the centre line. 

Lining the Crank Shaft. — The shaft, being 
levelled, may now be squared with the centre line ; 
but first it is necessary to see that the line intersects 
the centre of the crank pin bearing. Should it not 

do so, the crank must 
be adjusted on the 
shaft, or the whole shaft 
moved to the right or 
left. The crank being 
at one end of the stroke, 
the distance from the 
centre line to one side 
of the crank pin bearing 
is carefully gauged (see o, Fig. 13). The crank is 
now turned to the opposite end of the stroke, as 
nearly as the wire permits, and the same measure- 
ment made (p, Fig. 13). If these two measures 
agree, the shaft is square ; if not, the opposite bear- 
ing must be jacked forward or backward until the 
measurements at each end of the stroke are identical. 
Care must be taken to eliminate any end play that 
^ may exist by pushing the shaft hard over to one side 

or the other. The shaft is now both level and 
square. Tighten the foundation bolts on the main bearings, and connect 
the guide trunks and cylinders. 



f>_ 
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Fig. 13. — 
Squaring Crank Shaft. 



Fixing Guides and Cylinders —These are located by gauging 
from their interior machined surfaces to the centre wire, the best gauge for 
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the purpose being an ordinary piece of soft deal, about the size of a lead 
p>encil, with a pin pushed into each end. Lift the cylinder by wedges 
inserted at the front and back, until the distance from the wire to the 
bottoni of the stuffing box bore is the same as it is to the top. Adjust the 
back of the cylinder also on wedges until that end too is centred on the 
wire. Next adjust the cylinder horizontally, moving it to the right or left 
as required. Check the vertical and horizontal measurements alternately, 
as movement in one direction may disturb the other, and shifting the front 
end will alter the back. 

Occasionally test the cylinders to see that one side is not higher than 
the other ; this is done by a spirit-level placed on the valve box or any 
flat machined surface. The level may also be tried in the bore to guard 
against possible sag in the wire. 

All these adjustments have to be gone over several times until the 
cylinder is in place, and the gauge, when placed in the bore at 3, 6, 9, 
or 1 2 o'clock, lightly touches the line when the free end is swept past it. 
In exactly the same way any other cylinders or air-pump barrels are aligned 
with the centre wire, the distance pieces being first inserted between them. 

If the guides are bored out they may be centred, in the same way as 
the cylinders, by gauging from the machined surfaces. When planed there 
may be a slight difference between the top and bottom measurements, but 
this is immaterial, as it is allowed for in planing the cross-head and slippers. 
In any case both top and bottom guide surfaces must be parallel with 
the line. 

Planed guides are adjusted to the centre line by their flats and edges, 
while a sheet-iron template is used should they be V section. The re- 
maining foundation bolts may now be dropped into position and tightened 
with an ordinary spanner to a solid bearing : see that the rounded end 
only of the bolt projects above the nut, when half a-dozen threads come 
through it shows slovenly work. Check all measurements again to make 
sure nothing has sprung or shifted during tightening. 

Beddings the Frames. — The feet on which the engine rests may 
now be a quarter of an' inch or so above the cap stones, and it is necessary 
to fill this space so that the feet bear evenly over their whole surface : 
this may be done in several ways. 

When the inter\'al is a quarter of an inch or less, lute around the out- 
side with clay, block up the foundation bolt holes with waste, and lute 
or grout the joint with neat Portland cement. 

When the space exceeds a quarter of an inch, use thicker cement 
mixed with an equal quantity of sand ; or a rust joint may be made, but 
must not be caulked, only tamped into position with a piece of thin board. 
In both these operations men must work opposite each other, the space 
being first filled at the centre and finished at the outside. Alternative 
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plans are to fill with melted sulphur, or with parallel strips of hard wood ; 
wedges must not be used, each slip is planed to fit the part of the opening 
it has to fill, and lightly tapped, not driven, into position. 

Foundation Bolts.— When this joint has set, the holts should be 
again screwed up, this time with a long-handled spanner, or one which 
has been lengthened by a piece of pipe slipped over its end ; they will 
need a final screwing after the engine has worked a day or two. Nothing 
is gained by filling around the foundation bolts with concrete or cement, 
by reducing the size of the pipes through which these bolts pass, or by 
dropping them through the bed-plate and building around them. Such 
arrangements might be beneficial if the bolts were subject to any shearing 
strain, but they are not ; all the strain is tensile ; and no matter how 
carefully the work was laid out, the extra half-inch around the bolt may 
be of the greatest use in the final adjustments. 

Two and a half inches square inside is the smallest size advisable for 
these pipes, and answers for engines up to 14-in. bore; from 14-in. to 
24-in. bore 3-in. pipes may be used, and from 24-in. to 48-in., 4-in. pipes ; 
while the 3-in. bolts of an 80-in. pumping engine will pass through 6 in. 
pipes. 

All main parts of the engine being now correctly placed, the centre 
wires may be removed after a final checking of levels and measurements. 
It should be noted that the principles indicated are adapted to all classes 
of horizontal engines, and that the wires from which the work has been 
aligned are but reproductions of the centre lines laid down by the draughts- 
man when he began the design. 

A horizontal engine mounted on a bed-plate presents even less difficulty, 
and alignment is secured in exactly the same way, by the path of the 
crank and the bore of the cylinder. 

Assembling. — The pistons, after being thoroughly cleaned, may be 
placed in the cylinders; see that the spring rings are free to move and 
correctly set. The rods may be passed through the covers and joint rings 
and secured to the pistons, screwing hard up and staking over the last thread. 

Fit on the cross-head and keep the cylinder covers in position with a 
couple of nuts. Now push the piston up against the front and back covers, 
marking in each direction the extreme travel of the slipper on the guide ; 
these marks will denote the clearance remaining as wear takes place in 
the bearings. 

The flywheel may now be placed in position ; should it be in one piece 
a crank must be removed after its position on the shaft has been marked. 
Let the wheel rest on blocking in the pit while the upper part is supported 
by tackle or securely shored ; work the shaft through, lower into its 
bearings, locate the wheel in its proper position and key up. 
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Wheels made in two or more pieces will be held together by bolts in 
the rim and bands shrunk around the hub ; in this case assemble as before, 
the lower parts being blocked up in the pit. 

Bolt the sections together, and enter the key a few inches to ensure 
the alignment of the key ways, as it may be impossible to move the wheel 
after the bands have shrunk. With the appliances usually found on a 
mine the bands cannot be heated after they are on the shaft ; and if they 
will not pass over the cranks they must be heated and held over or around 
the shaft while the latter is passed through the wheel. Verify the position 
of the wheel on the shaft before shrinkage takes place. The bolts in the 
rim may now be removed and their shanks heated to a dull red before 



mark A 




Fig. 14. — Placing Engine on Dead Centres. 

being finally screwed up ; to avoid distortion of the wheel alternate bolts 
from the right and left hand sides should be tightened, as in making a 
joint. 

Finally, tighten the key, and see that any eccentrics or governor pulleys 
are in position before dropping the shaft back into its bearings. The 
connecting rods should now be put on. 



Dead Centres. — There are, of course, many ways of setting an engine 
on its centres, but the following plan is so easy and so accurate that it 
should be more generally used. It applies equally to engines set hori- 
zontally, vertically, or at any angle ; and when the marks have been made. 
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the connecting rods may be removed and the operation of valve settmg 
performed by turning the shaft only. 

1. At any convenient point in the circumference of the flywheel or 
belt pulley fix a piece of plank with top edge planed ; the plank 
must be close to the wheel, but the latter must revolve freely without 
touching it. 

2. Turn the engine round until it is near the end of the stroke, exact 
position quite immaterial ; scribe a line across the edge of the guide and 
slipper, and another line from the top edge of the plank on to the surface 
of the wheel. 

3. Turn the engine in the same direction as before until the crank has 
passed the dead centre, and the marks on guide and slipper again coincide. 
Scribe from the plank to the wheel, as before. 

4. Bisect the distance between the two scribed marks on the wheel, 
and turn the shaft until the point of bisection is opposite the scriber on 
the plank. The engine is now on dead centre. 

This is repeated at the opposite end of the stroke, and the connecting 
rods can be taken off, since the engine will always be on centre w^hen the 
points of bisection correspond with the scriber point. Both ends of the 
stroke may be scribed from the same plank surface. 

Valve-Setting. — Among the advantages claimed for Corliss valves 
are a sharper cut-off, less clearance, less friction, less condensation owing 
to separate valves for steam and exhaust, and better drainage of the 
cylinder. They cannot, however, be set in the same way as slide valves, 
since, when in position, neither their leading edges nor the ports they 
cover are visible. Before inserting each valve in its box, place a straight- 
edge along its leading edge, and scribe a continuation of that line on its 
outer surface. The edges of the steam and exhaust ports must be marked 
in the same way. 

Fasten a weight to each end of a line, and hang it over, or suspend it 
from, the wrist pin on which the eccentric rod works. Measure from the 
front part of the line to the front exhaust pin, and froifi the back part of 
the line to the back exhaust pin, turning the wrist plate until these 
distances are equal. This plate is now in the centre of its stroke, and if 
the steam valves are coupled up by their rods the marks made on their 
faces should indicate equal lap over each port. Should these laps not be 
equal, make sure that the wrist plate has not altered its position before 
adjusting the lengths of the valve rods. On a 25-in. cylinder the steam 
valves will have about five-sixteenths of an inch lap, the exhaust valves half 
this amount. 

Having keyed up the eccentric, bolt on the strap and rod, and place 
the free end of the rod on a piece of plank fixed, as nearly as possible, level 
with the eccentric pin in the wrist plate. Scribe a mark on the eye or 
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joint at the end of the rod, turn the engine round and mark on the plank 
the two extreme limits of the path travelled by this scribed mark. The 
distance so marked is the stroke of the eccentric ; bisect it, and bring the 
mark on the rod to coincide with the point of bisection ; the eccentric is 
now in the centre of its stroke. In this position the eye of the rod should 
engage with its pin on the wrist plate ; if not, see that the plate has not 
moved from its central position before lengthening or shortening the rod 
to make it engage with the pin. The lead of the valves will be equal if 
the eccentric is correctly placed in relation to the crank ; it may be checked 
by turning the engine slowly round, and marking on the guides the position 
of the cross-head at the moment the valves trip. The trip, or release, of 
both valves should take place when the piston is the same distance from 
the end of its stroke. If necessary, it may be adjusted by altering the 
length of one of the valve rods, equal lead being even more important than 
equal lap. The exhaust valves are set in the same way, and the dash pots 
connected after having ascertained that the length of their rods will allow 
sufficient clearance at both ends of their strokes. 

Setting Slide Valves. — Before leaving this part of the subject it 
may be advisable to describe briefly the setting of ordinary slide valves, 
such as are used in a pair of winding engines, fitted with reversing gear. 
Although differing entirely in shape from the Corliss, the slide valve per- 
forms the same duty, that is to say, it determines the points at which steam 
is admitted to, cut off from and released from the cylinder, with relation 
to the position of the piston in its stroke. 

The exact point of steam admission to the cylinder depends on the 
lead of the valve, lead being the width of steam port uncovered by the 
valve when the crank is on dead centre. 

The point in the piston stroke at which steam is cut off depends mostly 
on the lap ; in other words, the amount by which the exterior of the valve 
overlaps the steam ports. 

The amount of lap is fixed in any particular engine, since it depends 
on the relative dimensions of the valve and ports ; the lead is not fixed by 
any proportion of parts, but depends on the angular advance of the eccentric 
in front of the crank. 

Yet the two, lap and lead, are so intimately connected that neither can 
be altered without disarranging the other. If lap is taken off a valve, the 
eccentric must be placed further ahead of the crank to maintain the same 
lead ; and should the eccentric and amount of lead be altered, the point 
of exhaust cannot remain unchanged. The stroke of the slide valve in any 
ordinary engine is equal to twice the width of one steam port added to the 
amount of lap. 

The angle at which the eccentric stands in advance of the crank is 
equal to 90*" plus an advance equal to the lap and lead of the valve ; if 
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these two factors did not exist, the amount of advance would be exactly a 
quarter of a revolution. 

In practice, the position of the eccentric is fixed by that of its keyway 
on the shaft, and this is usually cut before the engine leaves the maker's 
hand.4. In case this keyway has not been cut, its position may be 
determined by trial, or by a diagram, preferably drawn full size, on the 
lines indicated in Fig. 15. 

Let M N be a line joining the centre of the shaft to that of the crank 
pin ; at any point near one end of it erect a perpendicular s t, and from 
the same point draw a circle b c d equal to the travel of the slide valve, 
and a circle e f g representing the shaft. On the side of s t remote from 
the crank pin draw the line A a parallel to s t, and distant from it the 
amount of lap and lead of the slide valve. This line intersects the circle 
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Fig. 15. — Diagram for finding Position of Eccentric Key ways. 



B c D at the points b and c. Draw lines joining these points to the centre 
of the circle ; extend these lines to the circle e f g, and the points of 
intersection e and f will be the centres of the keyways for the forward 
and backward eccentrics respectively. 

It is somewhat difficult to transfer to the shaft the positions determined 
by the diagram, and on the whole, perhaps the ordinary method of trial 
and error is preferable ; the procedure is as follows : — 

First, by the help of a square placed against the cylinder face, scribe 
lines on the valve chest so that the position of the steam ports may be 
known when they are covered by the valve. Place the valve on the 
cylinder face; connect it to its spindle, lost motion between valve and 
spindle being carefully avoided \ connect spindle and slot link together. 
Slide the eccentric along the shaft until the end of its rod engages easily 
with the slot link ; connect, and adjust the reversing lever until the rod 
end is level with the valve spindle. Revolve the eccentric in either 
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direction, marking the extreme travel of the valve towards the front of the 
valve chest, and measure the amount by which it overlaps the steam port ; 
let us assume this to be 2^ in. 

Again revolving the eccentric, mark the limit of valve travel at the 
opposite end of the stroke and measure the lap over the port ; here it may 
be only 2 in. Therefore the distance between the centre of the eccentric 
and the centre of the valve travel is too great or too little by | inch, 
and either the rod or the valve spindle must be altered by an amount 
equal to half the difference in the measurements. When the excess is at 
the crank end Ihe rod must be lengthened ; should the excess be at the 
opposite end the rod requires shortening. The length of the four eccen- 
tric rods may all be certified in this manner, and it is advisable to do it 
whether the position of the eccentrics on the shaft is known or not. By 
doing so, one possible cause of error— difference in length of rods — is 
removed; and it only remains to place the eccentrics on the shaft in 
correct relation to the crank. 

The engine must first be centred. The operation has already been 
described, and illustrated in Fig. 14, in which d is the mark scribed on 
cross-head and guides, and a the mark made on the rim of the wheel with 
the crank in position i. The engine being turned in the direction indicated 
by the arrow, passes the dead centre, and the marks at n again coincide 
on the return stroke; the crank is now in position 2, and mark a has 
gone round to a i. A fresh mark is now made at a, the distance between 
A and A I bisected at b o ; the engine is turned until b o coincides with 
A, and is then on its dead centre. 

With the engine in this position throw the reversing lever alternately 
into forward and backward position, adjusting and temporarily fixing the 
eccentrics on the shaft when the steam port shows the desired amount of 
lead. Turn the engine to the opposite centre, and note if the lead is 
equal, shifting the eccentric, if necessary, by an amount equal to half the 
difference. The position of each eccentric is found in this way ; they 
must stand on the shaft so that their rods work in pairs, the two attached 
to the upper or lower ends of the slot links being either for forward or 
backward motion of the engine. The keyseats may now be scribed on 
the shaft from the ways cut in the eccentrics. 

The reversing sector is notched by raising or lowering the links until a 
pair of rods are opposite the valve spindle joint ; rotate the engine to see 
that there is sufficient clearance at the ends of the links, and mark the 
position of the reversing lever on the sector. The process is repeated 
with the other pair of rods engaged. Midway between these extreme 
marks on the sector is the neutral point, and the interval on each side may 
be subdivided as desired. 

When nuts are used to secure the slide valve to the spindle, they 
should be tightened hard against each other, but must not bind the 
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valve. The latter should move freely, but without play, and be free to 
adjust itself to the cylinder face. 

Engines in which frequent reversal of motion is not required are often 
fitted with adjustable expansion valves on the backs of the main slides. 
To set these, the screwed spindle is entered into each half of the expansion 
valve at the same time, and they are brought close together by turning the 
spindle. It is now only necessary to see that when the expansion eccentric 
is in the middle of its stroke, the expansion valves stand in the middle of 
the travel of the main slide valves. 

Jointing' Up. — The ports and steam ways being clean and free from 
sand, the cylinder and valve covers may be jointed up ; rings of brown or 
cartridge paper soaked in oil answer well for this purpose. Steam connec- 
tions are made and pipes lagged, water and overflow laid on in the case of 
a condensing engine ; drain pipes and connections should fit tightly, be 
well screwed home, and the outlet led outside the engine-house or to the 
condenser. This recalls a particular engine which proved very wasteful in 
steam, whose valves and piston had been repeatedly overhauled without 
effecting any improvement ; finally it was condemned and about to be re- 
placed. On removing the cylinder the cause came to light ; the mechanic 
who erected it had joined the drain pipes from opposite ends of the cylinder 
to a common Tee, outside which he had placed the only drain cock. The 
consequence was that the two ends of the cylinder were always connected 
by an open three-quarter pipe, and the arrangement, being hidden by a 
deep box bed and covered by the cylinder, escaped detection for many 
months. 

The sam^ presiding genius also erected a small winding engine with 
valves and eccentrics so mixed that one half of the engine wanted to hoist 
when the other half wished to lower. 

Before leaving the subject of engine erection, allusions must be made 
to two variations which may occur and are frequently not as skilfully carried 
out as they might be. 

I. When an additional side is to be connected to an already existing 
engine in order to make a pair : — In which case the new part must be level, 
square, and parallel with the old engine. 

The centre line is obtained from the path of the crank pin, as already 
described ; should the new crank not be available it may be represented 
by a timber clamp bolted to the end of the crank shaft. Hang a plumb 
line so that it shall pass the end of the shaft, and adjust it until the distance 
from the line to the shaft is the same as from the shaft to the centre of the 
crank pin on the side of the engine already in position. This line now 
represents the centre of the future crank pin ; drive a nail into the face of 
the timber clamp, near its outer end, until the head of the nail just touches 
the line. No matter how rough or out of truth the clamp may be, the head 
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of this nail now lies in the plane of the centre of the crank pin, and at each 
revolution describes a circle truly at right angles to the axis of the shaft. A 
wire placed level with the centre of the shaft, and touched twice by the nail 
each time the shaft makes a revolution, will be the correct centre of the new 
engine ; and from it the loading may be laid out and engine centred. 

2. In cases of engine extension or conversion it is sometimes necessary 
to add a horizontal cylinder or air-pump barrel in line with the existing 
engine. The new cylinder cannot be centred from anything so liable to 
deflection as an extended piston rod ; a wire must be reeved completely 
through the engine as already described. 

If the engine is placed on centre and the wire made fast to the middle 
of the crank pin bearing it will be very near its true position, and can be 
certified by gauging from the stuffing-box ; do not gauge from the gland, 
which is subject to wear, but from the counterbore of the stuffing-box itself. 
The opposite end of the line is centred by gauging from the counterbore of 
the cylinder already in position. Levels may be checked by a straight-edge 
held truly on the bore of the smaller cylinder ; gauge the difference be- 
tween the staff and the bore of the larger cylinder, and see that this distance 
is everywhere half the difTerence in diameter between the two cylinders. 
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CHAPTER IV. 

BOILERS, 

Requirements — Power of Boilers — Vertical Boilers— Cochran Boilers, Particulars of — 
Cornish and Lancashire Patterns — Setting and Placing in Position — Multitubular — 
Water-tube — Babcock & Wilcox Boilers. 

The duty of the boiler is to evaporate water economically ; and since it, 
not the engine, is the real generator of power, the pattern installed on any 
mine should be carefully chosen with a view to prevailing local conditions. 
Among the factors which influence this selection the following may be 
mentioned as of most importance. 

1. The probable permanency of the work; types requiring masonry 
settings being unsuited for temporary purposes. 

2. Transport, its cost and facilities ; a factor affecting the type as well 
as governing the weight limit of each unit. 

3. The quality of the fuel and feed water ; the former often determining 
whether the boiler shall be internally or externally fired, while on the latter 
depends the facilities demanded for cleaning. 

4. The quality of labour available, some boilers being safer than others 
in unskilled hands. 

5. The evaporative power required, or the grate and heating surface. 

6. The demand for steam, whether regular or irregular. 

Vertical Boilers. — In the early stages of prospecting and develop- 
ment, and for isolated work such as diamond drilling, the vertical boiler 
is very useful ; owing to the entire absence of masonry setting it is easily 
and cheaply erected, in fact the operation may be performed in a few hours. 
On account of their cylindrical shape, they are easily transported over rough 
ground, by rolling on skids, after the mountings have been taken off ; at 
the proposed site no preparation is needed, except a hard and level bed on 
which the boiler may stand. 

Among the disadvantages common to the type is the small size of the 
internal firebox ; on this account wood fuel has to be cut to less than stan- 
dard sizes, at additional cost. Being seldom jacketed or protected in any 
way from the weather, they cannot be considered economical \ many tests 
made under ordinary working conditions, when supplying steam to hori- 



zontal non -condensing engines, show a consumption of from 9 to i 
bard wood per i H.P. per hour. 

Boilers are rated by their evaporative power. The term 
Power " is inapplicable, since ihe duty 
of the boiler is completed when die 
water has been evaporated with a mini- 
mum expenditure of fuel. The power 
afterwards obtained from the evapo- 
rated water depends on the efficiency 
of the motor; some engines yield a 
horse-power on 12 lbs. of steam per 
hour, while many direct-acting pumps 
require 300 lbs. Non -con den sing 

of 30 lbs. of feed water per hour, and 
the evaporaiion of this quantity is 



. boiler 






vertical boilers this will be effected by 
4 to s lbs. of coal, requiring a quarter 
of a square foot of grate surface for iis 
consumption. 

In selecting a vertical boiler, one 
of the multitubular type will probably 
be preferred, as affording greater heat- 
ing surface and therefore greater evapo- 
rative power for a given weight. Thi: 
inexperienced hands, since shortness of 
small tubes, instead of burning the 
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Boiler 



han many others in 
vaier can only damage a few 
of the furnace. Owing to the 
rapid circulation, the interior keeps 
free from scale, even when impure feed 
water is used ; the impurities are de- 
posited in the lowest pans of the boiler, 
and being below the heat of the fur- 
nace, do not harden, and may be 
cleaned out as soft sludge through 
doors provided for the purpose. 

Among the different patterns of 

multitubular vertical boiler the 

Pjc.. 17.— Cochran is one of the most popular 

Seeiionairian, Cuchran Boiler. and will be found on almost every 

goldfield ; here the compactness and 

portability of the ordinary boiler are combined with special internal 

accessibility and evaporative power. The tubes run horizontally through 

the shell, from side to side, and one of the features fully appreciated on 
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mines is, that by opening the doors at each side, the tube-plates and 
tubes are fully exposed. The crown of the furnace is pressed to hemi- 
spherical shape from a single plate, the flanged openings for the fire door 
and uptake being pressed from the same sheet. By adopting this method 
of manufacture all interior furnace seams are removed from direct contact 
with the fire. 

When required for merely temporary use the boiler is placed upright 
on the ground ; if for more permanent work, extending over some months, 
it is advisable to build a masonry foundation raising the foot of the boiler 
about 6 in. above the level of the ground, and protecting it from corrosion. 

Particulars of Cochran Boilers. 



Diam. 
in Ft. 


1 

Height 
in Ft. 


3 


65 


u 


7i 


3« 


^ 


4 


9 


4i 


9i 


44 


lo 


4l 


loi 


5 


loif 


Si 


11^ 


5» 


I2i 


Si 


'3 


6 


'34 


6 


14 


6J 


M 


64 


Mi 


7 


14 


7 


»5 


7J 


'6J 


8 


16^ 


8 


17 



Grate 
Surface 

in 
Sq. Ft. 



4.6 

5-5 
7-5 
8.5 

9-3 

9-7 

II. 8 

12.6 

13-9 

'5-9 

17.5 

18.9 

18.9 

21.5 
21.5 

24.8 

24.8 

31.5 
350 
35-0 



Heating 
Surface 


Weight 




in 


in 
Sq. Ft. 


Cwts. 


60 


25 


80 


28 


100 


39 


120 


50 


140 


5S 


160 


63 


200 


70 


220 


78 


250 


90 


300 


102 


350 


112 


350 


119 


40 3 


129 


450 


M5 


500 


156 


500 


168 


600 


183 


730 


210 


850 


240 


1,000 


280 



Table L 



Coal. 



Lbs. per 
Hour. 



80 
100 
144 

174 
192 

202 

256 

275 

3^3 
357 
405 
442 
442 

5" 

5" 

597 

597 
766 

858 

858 



Water Evaporated. 



Table IL 



Coal. 



Per Lb. 
of Coal. 



5.0 
5.0 
5.0 

5.0 
5.2 

542 

5-5' 
5.6 

5.6 
5.8 

5-9 

5.7 
6.0 

6.0 

6.3 

5.9 

6.45 

6.36 

6.5 

7.0 



Per 
Hour. 


LH.P. 


400 


13 


500 


16 


720 


24 


870 


29 


999 


33 


1,094 


36 


1.409 


46 


1.540 


51 


1.753 


S8 


2,070 


69 


2,390 


79 


2,519 


83 


2,671 


89 


3.069 


100 


3,224 


107 


3.525 


113 


3.849 


128 


4,878 


162 


5.582 


186 


6,074 


202 



Lbs. per 
Hoar. 



48 

60 

86 

104 

115 
121 

153 
165 

187 
214 

243 
265 

265 

306 

306 

358 
358 
459 
514 
514 



Water Evaporated. 



Per Lb. 


Per 


of Coal. 


Hour. 


6.25 


300 


6.25 


375 


6.25 


540 


6.25 


652 


6.5 


749 


6.77 


820 


6.88 


1,056 


7.0 


M55 


7.0 


1.314 


7.25 


1.552 


7-37 


1.792 


7.12 


1,889 


7.56 


2,003 


7.5 


2,301 


7.87 


2,418 


7.37 


2.643 


8.06 


2,886 


7.95 


3.658 


8.12 


4.186 


8.75 


4.555 



LH.P. 



10 



12 
18 
22 

24 

27 

35 
38 
43 

51 
60 

63 
66 

77 
80 

88 

96 
120 

139 
150 



In the above table the smallest boilers are credited with a consumption 
of 1 6 lbs. of coal per square foot of grate and an evaporation of 5 lbs. of 
water per pound of coal, allowances gradually increasing until, in the 
larger sizes, 24 lbs. of coal are burned per foot of grate and 6^ lbs. of water 
evaporated by each pound of coal. With good fuel and skilled attendance 
the results in Table I. are obtainable, and may be regarded as the maximum 
for the size of boiler in question. 

Table II. assumes the boilers to be worked at 75 per cent, of their 
maximum evaporative capacity, the coal consumption 60 per cent, of the 
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maximuro, and the evaporation per pound of coal 25 per cent, higher than 
when the boiler is forced to its fullest extent. The indicated horse-power 
column is based on a consumption of 30 lbs. of water per horse-power per 
hour. Deductions must be made from these tables should the coal used 
not be equal to average Welsh, and at least 50 per cent, should be taken 
off when wood is burnt. 

Cornish and Lancashire Boilers.— These types, owing to the 

amount of masonry required in their settings, are suitable only for work 
of a more permanent nature ; being accessible and easily cleaned, they 
suffer less than other varieties from impure feed water. Owing to the 
ample steam and water space provided, constant attention is not required 
from the fireman ; for the same reason they are well adapted to inter- 
mittent work such as hoisting. 

Although economical generators of power when worked well within 
their capacity, these types steam slowly on account of the quantity of water 
contained, and their slow circulation ; they are therefore heavy and bulky 
for a given power, considerations which carry weight when transport is 
expensive. The internal flues are possible sources of danger, being the 
first parts bared in case of shortness of water : and in most foreign countries 
repairs are not easily effected. 

In spite of their considerable weight these boilers, when made water- 
tight by closing all openings, may be lowered overboard from vessels, 
floated ashore, towed up rivers, and rolled through miles of trackless country 
into apparently inaccessible places. 

Setting. — As those who design the general plan of an installation are 
probably not acquainted with local conditions, the relative position of 
boilers and engine as planned need not be too strictly followed, in fact 
may often be altered to advantage. The objects in view are : to place 
boilers and engines close together but without crowding, to allow extension 
of power plant, provide for delivery of fuel, and storage of both fuel and 
water supplies. Batteries of boilers are often hemmed in by an engine on 
each side, an arrangement which does not lend itself to extension ; true, 
larger boilers may be substituted for those in use, but this means tem- 
porary interference with the work of the mine, while, to guard against 
break-down, it is safer to multiply the units than to enlarge them. 

In most cases the boilers will stand either parallel with or at right angles 
to the engines, and the settings may be laid out from the original datum 
line ; a line stretched over the engine, plumb with the centre of the crank 
pin at one end and with the centre of the cylinder at the other, will be 
sufficiently accurate. A parallel line is now required, distant from the 
centre of the steam opening on the cylinder an amount equal to the total 
amount of the elbows, bends and set-offs in the steam pipe ; it may lie on 
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either side of the steam opening, according to the direction taken by the 
piping. This line is produced across the boiler settings, and from it the 
centres of the steam openings on the boilers may be laid off by allowing for 
length of branch pipes and set-off on stop valves. Should the boilers be at 
right angles to the engine, the line will be squared with the datum line, the 
same precautions being observed regarding set-offs in the piping. See e, f, 
Fig. 19, 

In either case all the boiler settings will be laid off from this line, which 
should be permanently marked by posts and nails on each side of the site. 
The distance of each boiler from the steam opening on the cylinder is now 
laid off on the line, and the foundation pit pegged off. The whole of the 
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Fig. 18. — llorizonial Section through Cornish Boiler and ScUing. 

ground within the pegs is excavated to a depth of about 2^ ft., and the 
bottom of the pit paved ; the distance from the engine to the centre of 
each boiler is measured off, and the centre flues and masonry on each side 
are marked off, the lines being all parallel with the centre line. 

The masonry on each side of the centre flues is now carried up to the 
height required for the seating bricks ; in Fig. 18 this corresponds with the 
ground level. As the fire is within the boiler, this part of the setting is of 
ordinary rubble masonry, bricks being only used for the back arch, seating, 
and flue covering. Building stones which contain lime, or enclosed globules 
of water (such as quartz), should be avoided. 

Placing^ Boilers. — If the ground permits, it is easier to roll the boilers 
on to their seatings from one side than to drag them on endways ; it will 
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also save time if the respective ends of the boilers face the right way before 
they are unloaded from the waggons. In unloading, skids are placed on 
each wheel, distanced by a spreader, their ends strutted and their feet let 
into the ground. A chain is now made fast to the top of the boiler, its 
rear end being secured to a tackle and anchorage ; it is slacked out as the 
boiler rolls down the skids — an operation the reverse of parbuckling. 

Other skids are placed on the ground to receive the boiler ; these should 
be of such thickness that the mountings clear the ground. On the last 
skids, those spanning the flues, should be laid a few feet of flat iron, well 
greased ; on these irons the boiler may be turned if necessary, or jacked 
forward or backward to meet the centre line. When approximately correctly 
placed, the skids are withdrawn and the boiler rested on blocking in the 
flue ; this blocking being also covered with greased flat iron. 

A Cornish boiler is placed vertically by plumbing from its centre to the 
centre of the flue ; a Lancashire, by a level placed across the flues. Both 
may be checked by a level placed on the mountings ; the plumb line from 
the boiler centre should hang in the centre of the flue. Jack longitudinally 
as required until the steam opening is the right distance from the engine 
line. See e and f. Fig. 19. Levels may be checked by luting up the ends 
of the flue with clay and filling within with water to the depth of an inch or 
two. In boilers exceeding 20 ft. in length it is customary to allow a drop 
of three-quarters of an inch towards the blow-off" cock, but this is optional. 
The boiler being correctly placed, longitudinally, transversely, and vertically, 
the seating bricks may be built in and the masonry finished level with the 
bottoms of the side flues. 

There is no recognised rule as to whether the gases, on leaving the centre 
flue, should first traverse the side or the lower flues. At the first glance 
it would appear correct to apply the heat at the lowest point, but the area 
here is only half that of the side flues. In practice it makes no appreciable 
difl*erence in the fuel consumption, and is generally more convenient to use 
the side flues first, letting the gases leave the boiler by the bottom. Nothing 
is gained by contracting the flue area and hurrying the heated gases up the 
chimney, while flues of ample area are easily inspected and not so readily 
choked with ashes when wood is burned. When the side flues are covered 
with arched bricks, their walls are built vertically. Those shown in section 
in Fig, 18 are easier of access and are built on timber centering, which is 
left in position and burned out. In each case the side flues should extend 
right out to the boiler front, so that the temporary stopping may be removed 
when the boiler is cleaned. 

Before the side flues are commenced, the timber blocking is withdrawn. 
This is done, without injuring the masonry, by placing a jack at each end 
of the boiler, one to take the weight while the other lifts for withdrawal of 
the blocking. Sprags must be kept tight to the boiler sides that it may not 
roll out of position. 
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The seating bricks are omitted for a few feet on each side at the front 
end to afford communication between side and bottom flues. See a, Figs. 
1 8 and 19. When the side and back flues are finished, the side and end 
walls are carried up a few inches above the top of the boiler, so that the 
whole of the top may be filled in with some non<onducting substance, 
such as sawdust, ashes, or sand. 

The firing floor should be well below the boiler front, so that the shell 
may not be corroded by damp ashes; wood ashes being especially dangerous 
in this respect. Finally, the damper frames are built in and flue connected 
with the chimney. All masonry work about a boiler should be of the best 
quality, as infiltration of cold air through the setting is very detrimental to 
the performance of the boiler. For bridges and any parts exposed to 
intense heat, a mixture of clay wash and finely sifted wood ashes stands 
better than mortar made with lime. 

When these boilers are to be placed in inexperienced hands, they are 
sometimes fired externally from below, the gases returning through the 
central flue and passing to the chimney by the sides. After the mountings 
are on and boiler filled, a small fire should be kept going for a few days to 
warm the water and dry the masonry slowly. 



1 

1 

Sire in Feet. 


Heating Surface. 


Grate Area. 

39 


Evaporation. 


1 

Lancashire . 


30 by 8 


1,070 


5,350 


I^ancashire . 


30 „ 7i 


1,000 


36 


5,000 


Lancashire . 


28 „ 7 


850 


33 


4,200 


I^ncashire . 


26 „ 6i 


740 


30 


3.720 


Cornish 


24 „ 7 


580 


27 


2,900 


Cornish 


22 „ 6J 


497 


22 


2,480 


Cornish 


20 „ 6 


409 


15 


2,040 


Cornish 


. . 18 „ 54 


340 


12 


1,700 



The Multitubular Boiler consists of a cylindrical shell fitted with a 
tube plate at each end to receive the horizontal tubes which pass 
longitudinally through it. These tubes are generally 3 in. in diameter and 
vary in number with the size of the boiler, sixty being the average number. 
Through them the gases pass on their way to the uptake. 

As with all externally fired boilers, the large furnace is particularly 
suited to wood fuel ; while the fire, being entirely below the shell, is in the 
safest possible position in case of shortness of water. The small diameter 
of the shell is in itself a factor of safety when high pressures are required, 
for the ample heating surface and rapid circulation assist in keeping down 
the overall dimensions. A multitubular boiler, 4 ft. diameter by 14 ft. long, 
has one and a half times the evaporative power of a Lancashire boiler of 
double these dimensions. Hence it is small and light for a given evapora- 
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tive power, and in the various considerations of transport, safety, and ease 
of repair, fully meets the requirements of mining usage. 

Boilers of this type were formerly supported by lugs at the sides resting 
on the furnace walls. It is, however, a much better plan to suspend them 
independently of the setting. For this purpose two columns are placed on 
each side of the masonry, and the boiler hung from bolts resting on the 
girders connecting the pairs of columns. Fig. 20 illustrates both methods ; 




Fig. 22. — Multitubular Boiler. 
Half Section. 



the lugs were originally intended to rest on the masonry, but have been 
bored to receive the suspension bolts. Wrought-iron angle plates are 
generally used, as lugs project and are in the way while the boiler is being 
brought into position. 

The erection and setting are illustrated in Figs. 20, 21, and 22. Jn 
laying out the setting, the four concrete piers on which the columns rest 
are first located. Their positions are found from the steam pipe line as 
before, allowance being made for the distance between the steam pipe 
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opening and the nearest pillar. In Fig. 20 this is 3 ft. The boiler is now 
rolled into position, jacked up the required height, and suspended from the 
cross girders, being levelled by adjusting the bolts. If desired, all steam 
and other connections may be made before the masonry is begun; the 
latter being marked off by plumbing from the boiler. 

As it is directly exposed to the fire, the setting is usually of brick, the 
furnace being lined with firebrick set in fireclay or in a luting of clay wash 
thickened with sifted wood ashes. When wood is burnt, the wear on 
furnace linings is severe, and it is advisable to build them separately from 
the outer wall, leaving an air space of 2 in. between them. 

Another very necessary precaution, where wood is used, is to allow 
ample depth to the ash pit, and so prevent the bars from being burnt and 
warped by accumulations of ashes. 

The smoke stack is always of wrought iron, and rests directly on the 
uptake; or the uptake of two boilers may be joined by a breeching supporting 
a common chimney. When more than two boilers are used, they are either 
joined in pairs or connected to a horizontal flue leading to a chimney 
common to all. Dampers are provided in the flue to shut off any boiler 
not required. A cast-iron front-plate carries the fire and ash-pit doors, 
besides supporting the dead-plate and firebars. This plate is secured by 
bolts passing through the air spaces to the back of the boiler and serving 
to tie the setting together longitudinally. 

Multitubular Boilers. 



Size in Feet. 


Heating Surface. 


Grate Area. 


Evaporation. 
1.570 


Weight in Tons. 


14 by 4 


640 


19 


9* 


16 „ 4i 


790 


24 


1.930 


Hi 


16 „ 5 


1,140 


32 


2,560 


•3i 


16 „ 5i 


1,480 


35 


2,800 


14I 


16 „ 6 


1,900 


4S 


3,600 


20i 



Smoke stacks are not included in the above table. 



Water-tube Boilers. — In this class the water lies within the small 
tubes, not around them, each boiler consisting of several rows of tubes 
placed above the furnace and in connection with an overhead drum 
containing steam and water. As a class they possess all the advantages 
of the multitubular type and are more easily transported, in fact the 
light parts of which the smaller sizes are composed can be carried wherever 
it is possible for man to go. They may be left in inexperienced hands 
with less risk than the shell forms, as owing to the small diameter of the 
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tubes, serious damage is almost impossible; this is a. matter of some 
importance in countries where the firemen always sleep when on night 
duty. The thickness of metal between the fire and water is much less 
than in shell boilers; they steam quickly, can be forced if necessary, 
and are easily repaired. Although the reserve of water is not large, the 
boiler responds quickly to demands made upon it ; this is due to the 
rapid circulation, all the water being thoroughly heated and in a condition 
to be quickly converted into steam. The smaller sizes are furnished with 
a housing of cast-iron plates ; in larger boilers the necessary brickwork 
often adds considerably to the weight and cost of transport. 

Some of the earlier types were, unfortunately, not suited to foreign 



Fig 23. — llal^cock & Wilcox Boiler, with Longiludinal SuperheBter. 

requirements. The junction pieces were screwed on the tubes, and if a tube 
was burned, the junctions at each end were often sacrificed ; the tightness 
of the joints depended too largely on packing material; and the bafRe 
plates were so insecurely fastened that they were often displaced, allowing 
the gases to pass freely up the chimney without having first circulated 
around the lubes. They were also unnecessarily sectionalised ; and the 
gain in portability thus obtained was outweighed by the inconvenience of 
an excessive number of joints. These defects resulted in an undesirable 
reputation, but the type has been gradually improved, and the modern 
development is shown in the form made by Messrs Babcock & Wilcox, 
who have done much to eliminate the defects of the earlier designs. 
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The Babcock & Wilcox boiler is composed of wrought - steel tubes 
placed in an inclined position, and connected to each other and to a 
horizontal steam and water drum by vertical passages at each end. A 
mud drum is connected at the rear to the lowest point in the boiler. The 
steel end connections are in one piece for each vertical row of tubes, and 
are of such form that the tubes are " staggered " or arranged in zigzag 
TOWS, to more thoroughly intercept the hot gases. All the holes are bored 



g surface 1 erected 



to size, and the tubes expanded into position. These rows, or units, are 
connected with the steam drum above and the mud drum below, by short 
tubes expanded into position ; none of the joints in the tube connections 
depend for tightness on bolts or packing material. 

Each vertical header is bored through both its sides, and the openings 
on the faces closed by machine joint plates. By removing these joint 
plates the whole interior surface of any tube can be scraped, cleaned, and 
inspected. The whole boiler is suspended from girders resting on columns. 
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and the brickwork setting is built after the boiler is in position, as is the 
case with the multitubular type. By an arrangement of baffle plates the 
products of combustion are made to pass three times through the rows of 
tubes before escaping to the chimney. As heated water tends to rise, the 
circulation through the inclined tubes is not only rapid, but all in one 
direction ; there are no conflicting currents, and all parts of the boiler are 
kept at nearly equal temperature. Too much water space results in slow 
steaming, and too much steam space in losses through radiation. In this 
boiler the proportions have been arrived at after years of experiment, 
and the result is a boiler that can be driven to the utmost, and yet will 
carry a steady sleam pressure and water level, and will always furnish dry 
steam. Perfect combustion is assisted by the numerous deflections the 
gases experience in their passage around the staggered tubes, tending to 
thoroughly mix the air with the carbon and hydrogen of the fuel. 

In common with other externally fired boilers, the large furnace is 
well suited to wood fuel. Some of the results obtained under test and 
working conditions are referred to in the following chapter. 
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CHAPTER V. 

CHIMNE YS—FUEL--FEED. 

Chimneys, Height aod Area of, Draught, Construction, Brick, Masonry, and Iron — 
Petroleum — Coal — Wood — ^'eed Water, Impurities, Heating — Methods of Feeding 
— Tests for Impurities. 

Chimneys. 

Before putting up a chimney two important dimensions must be fixed, 
its area and height ; two points of secondary importance being its position 
and method of construction. On the flue area depends the number of 
cubic feet of gas discharged in a given time ; but this also depends on the 
speed at which the gas is travelling, which, in turn, depends chiefly on the 
height of the chimney and partly on the temperature of the gas. Thus it 
follows that area and height are closely connected, and, within limits, a 
deficiency of one may be corrected by an excess of the other. As from 
250 to 300 cub. ft. of air are required for the combustion of each pound of 
coal, the area of the chimney flue bears a distinct relation to the fuel con- 
sumption. The rule is, fifteen times the fuel consumption in pounds per 
hour divided by the square root of the height of the chimney in feet, gives 
the flue area in square inches. But the rate of combustion varies, it may be 
10 or 20 lbs. of coal per square foot of grate per hour ; and even if it were 
possible to predetermine the exact consumption, altering conditions might 
upset calculations. In practice the common rule is to make the flue area 
equal to one-tenth of the grate area for wood and to one-eighth the grate 
area for coal. 

Height — Under given conditions the velocity of the draught depends 
directly on the height of the chimney, being due to the difference in 
weight between the column of heated gas within, and that of an equal 
column of air outside the chimney. This explains why the boiler steams 
better at night in tropical countries, and why a given height of chimney is 
less effective there than in a colder climate. A chimney works at its best 
and at its fullest capacity when the gas within is expanded by heat to twice 
the volume of the external air ; this occurs when the gases are escaping at 
491*' Fahr., and the thermometer outside stands at freezing point. 

£ 
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Since the draught can always be checked and controlled by dampers, 
there is little danger of having too high a chimney ; but want of height 
will diminish the fuel consumption and consequently the evaporative power 
of the boiler. 

The intensity of the draught is measured by the height of the column 
of water it balances. A chimney, 70 ft. high, will give a draught pressure 
equal to half-an inch of water, corresponding to a velocity of about 30 ft. 
a second ; this is the minimum velocity of draught in use when good and 
rapid combustion are desired. Doubling the height of the chimney doubles 
the velocity and the pressure of the draught, a 140-ft. chimney yielding a 
draught equal to i-in. water pressure, or a velocity of 66 ft. a second. 
Since the fuel consumption depends so largely on the height of the 
chimney, and the power on the fuel consumed, it is, in many cases, possible 
to obtain increased power by lengthening the chimney and burning more 
fuel in a given time. 

As instances of extremes of practice, there were on the Colar Oold- 
field three Cornish boilers, each 6 ft. by 20 ft., connected to a chimney 
only 50 ft. high and having a flue area of 16 sq. ft. ; the draught, as might 
be expected, was sluggish, and briquettes could not be burnt, as the 
cementing material melted and choked the firebars. On the other hand, 
in Colorado, two multitubular boilers, 4 ft. by 14 ft., were connected with 
a stack 520 ft. high — needless to say it had not been built. It happened in 
this way : the boilers were placed in a chamber at the end of an adit, and, 
as the upper part of the shaft was disused, it was sollared over and the 
uptakes connected with it. The area of the shaft was much greater than 
was necessary, and down-draughts doubtless interfered with the up-draught ; 
still the boilers steamed well on the poorest fuel, and the fire lifted from 
the bars when the dampers were widely opened ; all coal had to be 
thoroughly wetted before being used. As the external temperature was 
generally below freezing point, often below zero, the draught must have 
been equal to nearly 4 in. of water. 

Position. — The site selected for the chimney should afford a sound 
foundation at a moderate depth below surface, and should be such that the 
flues lead to it without quick turns or right-angled bends. If the site 
stands above the level of the boilers, the height of the chimney is increased 
without extra cost, as the effective height is the difference in level between 
the firebars and the chimney cap. Finally, the position of the chimney 
must not interfere with additions or extensions to existing plant. 

Construction. — Stone, bricks, and iron are the materials used ; but 
bricks are seldom obtainable, and we arc reduced to the choice of either 
stone or iron. When building materials can easily be procured, a stone 
erection will probably be cheaper for really permanent work, since the 
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expense is confined to the first cost; if well built, the chimney should 
require no repairs during the ordinary life of a mine. The weight of a 
stone stack is considerable, and the foundation must be carried down into 
firm pick ground ; should there be any doubt as to the soundness of the 
bottom, the lowest courses of masonry should be footed out to distribute 
the weight. Externally the stack may be square, octagonal, or round, the 
latter section being less affected by wind pressure and permitting a reduc- 
tion in the thickness of the walls. The square shape is simplest and 
should be adopted when the labour available is not of a high order. 
Nothing is gained by tapering the internal flue, but a round flue gives slightly 
better results than a square one.- The external diameter at the base will 
be about one tenth of the total height ; in some countries it is necessary to 
exceed this width, as masonry work of less than 15 in. in thickness at the 
top cannot be relied on. When the flue is of sufficient area to afford 
working room, the chimney may be built from within and much scaffolding 
dispensed with ; but this is not often the case. Correct batter is main- 
tained by trial with plumb staffs, having the right amount of taper, generally 
one-third of an inch to the foot, planed off each side. When wood is to 
be the fuel, it is advisable to let the central flue of the chimney com- 
mence below the level at which the boiler flue enters ; the well thus formed 
receives fine ashes and prevents them from blocking up the chimney base. 

A masonry chimney 100 ft. high, with a flue 4^ ft. square, would have 
walls 3 ft. thick at the base, giving a total base diameter of 1 o^ ft. ; by 
batter the thickness of the walls would be reduced to 15 in. at the top. 

A round brick stack of the same height would be one brick thick for 
the top 25 ft., increasing half a brick for each 25 ft., and giving a base 
diameter of 9 ft. In high-class work, when all courses are to be kept level, 
it is essential that each mason changes place daily wiih the man opposite 
him, since no two lay joints of exactly the same thickness. 

Before the scaffolding is removed, the lightning conductor should be 
securely fastened in position, with points spread well above the cap of the 
chimney ; it should be made of copper, which is a better conductor than 
iron, and less liable to corrosion. The lower end should be fastened to 
an iron or copper plate, and either grounded in a damp place, or buried in 
a pit with charcoal around it. 

Iron Chimneys. — These have the advantage in prime cost, their life 
is generally sufldcient for mining requireinents, and they can be taken down 
and re-erected at a moderate outlay; for these reasons they are more 
extensively used than any other kinds. 

Portability is secured by making them in sections, to be bolted or 
riveted together at destination. These sections differ in diameter, that 
they may be nested for shipment, and diminish in thickness from the 
bottom to the top. Thus in an 80-ft. stack there will be four 20-ft. sections 
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of j\f J, ^^f J in. thick, respectively. The lowest section is secured to a 
cast-iron sole plate bolted to the masonry, but a wrought-iron angle ting 
may be substituted for the plate if portability is essential. 

Wire guys are attached at about two-thirds of the total height ; they 
must be well spread and anchored in all countries subject to monsoons and 
other violent winds, the stability of the chimney being increased by a 
sound connection to a substantial masonry base. 

The method of erection depends on the height of the chimney and the 
gear available ; if not exceeding 80 ft. in height they may be lifted by a 
single derrick pole or pair of sheer legs ; those from 80 to 120 ft. in height 
may be raised by a system described in the chapter on ** Tackle." When 
exceeding this height they are usually built up from below, the top being 
steadied and held vertically by wire guys as the lower part is jacked up 
and sections added at the ground level. 

The accompanying views of the stages of erection of a iio-ft. chimney 
stack at the Abosso mine (Figs 25, 26, 27) will be of interest. 

The following is an extract from a table kindly supplied by Messrs 
Babcock & Wilcox, Ltd., and gives the sizes of chimneys required for 
different rates of evaporation : — 



Side of 


. 






Height in Feet. 




1 
1 


Flue 












1 


in 
















Inches- 


50 
7cx> 


60 70 
800 909 


80 

■ • * 


90 100 1 1 10 


125 

■ • • 


150 

• • • 


175 


16 


i 

• « ■ ■ • • 


■ • • 




24 


2, OCX) 


2,200 2,400 


2,500 


• • • ■ • • 


• • • 


a • • 


■ • • 




30 


* • • 


3,500 3,800 


4,000 


4,300 


• • ■ 


• • * 


• • • 




35 




... 5^500 


5,900 


6,300 6,600 


■ ■ 1 


• ■ • 


1 




43 




• • • • « a 


9.400 


9,900 10,5001 11,000 


11,700 


• • • 




48 




B • • • • • 


10,900 


12,900 13,500. 14,200 


15,100 


16,600 




54 




• • « * • • 


15,200 


16,100 17,000 17,800 


19,000 


20,800 1 


22,500 1 


64 


^ ' , 


... ... 


• • ■ 


23,800 25,100,26,300 28,100 


30,700 


33»200 




1 




Evap< 


>ration in pounds 


per houi 


r. 







Fuel. 

Although not extensively used in mining work, crude petroleum is one 
of the most perfect fuels ; on an average it contains 88 parts of carbon, 
1 1 of hydrogen, and i of oxygen. The calorific value of this crude oil is 
about 20,000 B.T.U., and with proper precautions it can be fired in almost 
any furnace. It must first be atomised or broken up, in order that it may 
burn readily or almost instantaneously ; this is effected by spraying by 
means of pumps, compressed air or steam, or by vaporising. 

Of these systems, spraying by pumps may be considered the crudest. 
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and is suitable only when the interior of the furnace is covered with a 
brick lining or a coke bed from which the heat is not rapidly abstracted, 
a temperature high enough to vaporise the incoming spray being retained ; 
its efficiency is about 12J lbs. of water evaporated per pound of fuel. 

When the vaporising is effected by steam or compressed air, the 
particles of oil are finer, the atomising more complete, the brick lining 
may be partly dispensed with, and a brick arch or small coke bed substituted; 
the evaporative efficiency is higher, running up to 13I lbs. of water at 
212" Fahr. from each pound of fuel. 

But the best results are obtained when the oil is completely vaporised 
or turned into gas. This is effected in a separate vessel, the oil, in its 
passage from the tank to the burner, usually passing through one or more 
coils of pipe exposed to the fire. The vaporising begins about 120* 
Fahr., the oil boils at 395** Fahr. ; the more volatile constituents are 
then driven off, and solid carbon deposited ; this is the reason why the 
nozzles of burners choke. One pound of vaporised oil will evaporate 16 lbs. 
of water at 212° Fahr. 

As compared with coal, less than half the weight of fuel is required for 
the same work, admitting a considerable saving in transport. Being easily 
managed and regulated, one man is able to look after a whole battery of 
boilers ; the steam pressure being easily controlled remains more constant, 
consequently the wear and tear on engines and boilers is reduced. 

When spray burners give trouble it is generally on account of water in 
the oil, the flame then becomes intermittent, being extinguished while 
water is passing through the jet, and rekindled by the heat of the furnace 
when the oil spray takes the place of the water. The vaporising process is 
least liable to derangement in this respect. 

Coal. — Coal is divided into two classes, anthracite (the hard, almost 
smokeless steam coal), and the bituminous, or ordinary household variety ; 
there are, however, many subdivisions in each class. The calorific value of 
any coal lies almost entirely in the quantity of carbon it contains ; a high- 
class British steam coal contains about 88 per cent, of carbon, and if 
consumed under theoretical conditions, produces 15,000 B.T.U. Outside 
the laboratory coal never is consumed under theoretical conditions ; the 
quantity of air is too great or too little for perfect combustion ; there is 
loss of heat up the chimney in the form of draught, and other losses by 
radiation and leakage of cold air through the boiler setting. In practice 
each pound of coal evaporates from 5 to 10 lbs. of water; in ordinary mining 
it would be safe to put the average at 7 lbs. The actual quantity of coal 
burnt per square foot of grate depends on its quality and on the draught ; 
it may be averaged at 12 lbs. per hour ; then 12 (lbs. of coal) multiplied by 
7 (lbs. of water) equals 84 lbs. of feed water evaporated per hour on each 
square foot of grate, equal to very nearly 3 H. P. 
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In recent years few boilers have been more carefully tested than the 
water-tube. The Babcock & Wilcox boiler, for instance, has been shown 
capable of evaporating lo to 1 2 lbs. of water at 2 1 2° Fahr. per pound of fuel, 
and of burning 30 to 40 lbs. of coal per square foot of grate per hour under 
a draught pressure of i in. of water. Some tests made by Professor Henry 
Robinson on a battery of boilers of this make are instructive in showing 
the difference between the theoretical and practical evaporative power of 
fuel, and how that difference is accounted for. In this case the coal con- 
tained 14,400 B.T.U., of which 10,463 B.T.U. were transferred to the 
water in the boiler, an amount which represents 72.65 per cent, of the 
total heat value of the fuel. Of the remainder, 12.45 P^*" cent, were lost 
in flue gases, 12.7 per cent, in radiation and ashes, 2.2 per cent, by 
incomplete combustion. 

Another test on the same make of boiler, but burning wood and supply- 
ing steam to triple-expansion engines, showed a consumption of 50.5 lbs. of 
wood per square foot of grate per hour, equal to 4.18 lbs. per I.H.P. per 
hour. At a large spinning mill in India an instructive test was made when 
coal and wood were used on alternate days, the consumption being 6,000 
and 15,000 kilogrammes respectively, a proportion of i to 2 J. 

The various kinds of coal, English, Australian, Indian, and South 
African, differ considerably in the proportion of carbon and hydrogen they 
contain, and consequently in their calorific value. In dealing with either, 
the actual evapK)rative effect depends on the combustion and efficiency of 
the boiler ; while the power ultimately resulting is decided by the efficiency 
of the motor. The following table shows to what degree the power obtain- 
able, with different fuels and heating surfaces, depends on the motor 
efficiency : — 



Engine. 



High pressure (180), triple-expansion, condensing . 
Ordinary pressure (160), triple-expansion, condensing 
Triple.expansion, condensing .... 

Compound, condensing (120 lbs.) .... 
Compound, non-condensing ..... 
Ordinar}' high pressure, non -condensing 



Square Foot of Heating Surface 
per I.H.P. per Hour. 



Oil. 



3 
3! 

5 

5 
6i 

8 



Coal. 



3i 

5 

7 

7 
8 

10 



Wood. 



4 
6 

8 

8 
10 
iij 



The subject of firing is referred to in the following chapter, but it is 
worthy of note to what small extent mechanical stokers are used in mining. 
This may be due to prejudice, aptly described as "the outcome of un- 
written experience," and the arch - enemy of all innovation ; but the 
innovation, if sound, always triumphs in the end; as the ore-feeder and 
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rock-drill testify. Perhaps managers fear some complex machine, easily 
deranged, and not sufficiently elastic for varying requirements of power ; 
possibly some of the earlier forms were open to these objections. The 
modern chain-grate stoker, however, needs only to be seen to be appreci- 
ated ; the whole machine is mounted on rails, and as easily run out for 
inspection as an ore-feeder, and can be placed in the hands of any native 
fit to handle a donkey engine. This arrangement has proved thoroughly 
reliable ; it reduces the labour of firing to a minimum, and it gives im- 
portant aid to complete combustion by ensuring a regular and even, yet 
adjustable supply of fuel. 

Wood is extensively used as fuel in the early stages of prospecting 
and development, frequently giving place to coal as the demand for 
power increases, the surrounding forest cleared, and the means of transport 
improved. Before being burnt, the wood should be at least half dry, 
which means in hot climates that it is cut and stacked into cords two or 
three months before it is required for use. The cord measures 4 ft. by 
4 ft. by 8 ft., but the actual number of cubic feet depend on the stacking, 
and the number of hollows and arches artfully concealed in the pile. In 
any case the local varieties would necessarily be used, whatever their nature ; 
but as a general fact it should be remembered that the different kinds of 
timber vary greatly in their calorific values. 

Weight for weight, there is no great difference in the evaporative power 
of light and heavy woods, and since it is bought by measurement, the 
weight of any particular wood is a fairly safe indication of its value as fuel. 
A cord of heavy wood, such as oak, teak, mahogany, or West African kako, 
will have about twice the weight and twice the evaporative power of an 
equal measurement of fir or other light wood. ^ - 

In-order to use this, fuel to advantage, the furnac^s&ould be roomy 
and the fire doors of ample dimensions ; externally fired boilers are more 
suitable than other varieties. As large quantities of ashes are. produced, 
the firebars should be more widely spaced than for coal, and be protected 
by an ash pit of extra depth. 

When comparing wood with coal, few data are available, except 
laboratory tests, which give coal a value of twice the same quantity of 
oak, and about four times the same quantity of lighter wood. But we are 
more concerned with the humble efforts of the coloured gentleman whose 
sole object is to fill the furnace to the utmost, and secure a prolonged 
interval for meditation ; under these circumstances i ton of coal is equal 
to 2. J or 3 cords of heavy wood, and about 5 cords of the lighter kinds. 

To ascertain the relative cost of different fuels, a test was made on a 
horizontal, geared, pumping engine steamed by a Cornish boiler; the weights 
were carefully taken and the load kept constant, but as the load was light, 
the conditions were entirely in favour of wood. 
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Duration of trial .... 
Size of wood pile consumed (in feet) . 
Weight of fuel consumed . 
Cost per ton (in shillings) . 
Cost per day (in shillings) 



Wood. 



8j days. 

47 X 9 X 2 J 

15J tons. 

12 

22 



English Coal Australian Coal 
(WestHartleyX' (Newcastle). 



5 days. 

• • • 

4 tons 6 cwt. 

57 
49 



6^ days. 

■ • • 

5 tons 6 cwt. 

51 
41 



I 



Under these conditions i ton of English coal proved equal to just over 
2 tons of firewood. 



Feed. 

The water fed into the boiler should be clean and hot, conditions too 
seldom realised in practice ; often the water pumped from the mine is 
accepted as the only feed available. Other alternatives are neglected, as 
entailing trouble and expense, nor is much serious effort made to improve 
the mine supply and render it more suitable for boiler use. Mine water is 
muddy, as the result of operations underground, that is, it contains mineral 
and organic matter in suspension and solution ; filtration is an obvious 
remedy, but few mines are provided with the apparatus required. 

Mineral matter, being heavier than water, will gradually be deposited 
if the water is not in motion ; the feed is therefore made to pass through 
settling tanks in which the grosser impurities are deposited. As generally 
arranged, these tanks are deficient in two respects ; they are of insuflScient 
capacity, therefore the water does not become quiescent or remain in that 
state long enough to deposit the impurities ; secondly, the arrangement 
seldom permits separate tanks being disconnected for cleaning. 

The set should consist of three tanks, their size depending on the 
quantity of feed required ; an allowance of 6 ft. square by 3 ft. deep for 
each 100 H.P. will be sufficient. Their tops are preferably fitted with 
loose lids, and the quantity of water admitted should be, as nearly as 
possible, that of the feed required, any overflow increasing the deposit. 
The water should enter and leave the tanks near the top, entering No. 
I, overflow to No. 2, and thence to No. 3 ; to the latter the feed suction 
pipes are connected, with a branch to No. 2 tank for use when No. 3 is 
being cleaned. 

These suction pipes should be connected at least a foot from the bottom 
of the tanks, and the incoming water arranged to miss any tank in the 
series for cleaning purposes. Such an arrangement, if attended to at 
intervals, will collect large quantities of mud and be found to effect consider- 
able saving in boiler cleaning, besides permitting a higher evaporative duty. 
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It must not be concluded that, because the mud is deposited and the 
water looks clear in a glass, it is fit for boiler use ; deleterious matters may 
still be present, though invisible, being in a state of absolute solution. 
When the water is heated it no longer has the power of holding these sub- 
stances in solution, and they become palpable deposits in the boiler. 

Chief among these substances are — Carbonate of lime, soluble i part 
in 62,500 of water, and becoming insoluble at a temperature of 302* Fahr., 
when it forms a soft muddy deposit. 

Sulphate of lime is soluble i part in 500 of water, and becomes in- 
soluble at 302* Fahr., forming a hard scale. 

Carbonate of magnesia is soluble i part in 5,500 of water, while silica 
and oxide of iron become insoluble at 
boiling point. 

Should there be traces of carbonic acid 
in the water, the quantity of carbonates held 
in solution may be greatly increased ; these 
minerals are as actually dissolved in the 
water as sugar may be, and cannot be 
extracted by any process of settling or 
filtration. Here precipitation comes to our 
aid, and is brought about by freezing, boil- 
ing, or adding chemicals to the water. 

Lime compounds cannot be precipitated 
by boiling, since they do not become in- 
soluble at a lower temperature than 302** 
Fahr., corresponding to a steam pressure 
of 70 lbs. ; but carbonate of lime may be 
deposited in the settling tanks by the addi- 
tion of small quantities of caustic lime. 
The various nostrums and compounds which 
may be added to the feed vary from bark 
to petroleum, but at the most they only 

ensure a soft deposit instead of a hard scale ; the better plan is to heat the 
feed at least to boiling point before use. 

Owing to decomposition of pyrites, free sulphuric acid is often present 
in mine water. The author once had a battery of nine multitubular boilers 
in which sets of tubes never lasted more than eight months, being eaten 
nearly through by acid in that time ; the trouble disappeared on neutralising 
the feed water with ammonia. 

If nothing but bad feed water is available, it is worth while going to 
considerable trouble to improve its quality, but a purer supply may often be 
found in a neighbouring spring or stream. An alternative plan is to con- 
dense the exhaust by passing it through a coil surrounded with cold water. 
In countries where water is scarce, the arrangement shown in Fig. 28 may 




Condensed water tank' 



Fig. 28. — Arrangement for Con- 
densing Exhaust Steam. 
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be used ; its efficiency increases with the height of the vertical pipe, a dis- 
used smoke-stack being often used if available for this purpose. 

When condensed steam is returned to the boilers, engine lubrication 
must be reduced to a minimum, or the feed passed through oil extractors, 
as oil and grease combine with magnesia salts, forming a tough scale very 
difficult to remove from boiler surfaces. 

In lieu of extractors, much of the oil may be removed by allowing the 
condensing tanks to overflow at intervals, but hot feed is wasted in this way. 
The necessity for using every means of purifying the feed is apparent when 
it is realised that a scale only a sixteenth of an inch thick diminishes the 
conductivity of the boiler shell by 20 per cent., while a quarter-inch scale 
is responsible for a diminution of 60 per cent. 

Before it is pumped into the boiler the feed must be heated, and every 
unit of waste heat that can be utilised in this way is a step towards boiler 
efficiency. Advantage will therefore be taken of any water used for cooling 
purposes in tuyeres and water jackets, the supply receiving additional units 
from heaters through which exhaust steam or waste flue gases pass. 

Of heaters warmed by exhaust steam, those with straight tubes are more 
easily cleaned and examined ; they should be fitted in duplicate for alternate 
use. 

No exhaust heater will actually boil the feed water, about 200° Fahr. is 
the most that can be expected ; to exceed this limit, some form of econo- 
miser is required. Economisers are usually nests of tubes placed between 
the boiler and the chimney, and provided with some mechanical appliance 
for cleaning their external surfaces. 

When the feed has been previously heated by exhaust steam, they are 
capable of raising its temperature to 250° without seriously interfering with 
the draught. A gain of about 12 per cent, in fuel results from their use, 
but, perhaps owing to the additional mechanical complication, they are not 
generally adopted. The hotter the flue gases the greater the advantage of 
economisers, or in other words, the more wasteful the boiler, the greater 
the opportunity for the economiser. 

The feed should be as regular and as constant as possible, as much 
water being pumped into the boiler per minute as the engine requires in 
steam ; the most economical form of pump being one driven directly from 
the main motor by belt or gearing. Injectors rank second, and direct-acting 
steam pumps last, the latter costing about 13 per cent, more in fuel than 
when the feed pump is actuated by the main motor. 

Simple Tests for Feed Water. 

If Acid or Alkaline. — Test with litmus paper. If blue paper does not 
turn red, the water is not acid ; if red paper does not turn blue, the water is 
not alkaline. 
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Carbonic Aa'd.—V\aLce a sample of the water in a test tube and add 
lime water. If carbonic acid is present the sample becomes milky, and 
again clears on adding hydrochloric acid in small quantities. 

Sulphate of Ume, — To a sample of the water in a test tul)e add chloride 
of barium. If sulphate of lime (gypsum) is present a white precipitate is 
formed which does not dissolve in nitric acid. 

Magnesia, — Boil a sample of the water in a test lube, and add a small 
quantity of carbonate of ammonia and phosphate of soda. Magnesia forms 
a white precipitate. 

Iron, — A drop of ferrocyanide of potassium will colour the water blue 
if iron is present. 

Copper, — Soak filings of soft iron ' in the sample, add chloride of 
ammonium. The watfer turns blue if copper is present. 

Lead, — Add a few drops of cochineal to a sample in a test tube. Lead 
is present if the water turns blue. 
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CHAPTER VI. 

MANAGEMENT OF MOTIVE POWER. 

Protection of Machinery not in Use— Overhauling Boilers, Engines— Boilers under Steam 
— Firing — Engine under Steam— Taking Diagrams— Detecting Errors — Calculating 
Horse-power — Periodic Tests. 

Preservation of Machinery. — Machinery when not in use is liable to 
rapid deterioration unless proper precautions are taken for its preservation. 
Working surfaces that should be smooth and polished as glass may be ruined 
by a few weeks' rusting in wet packing. The extent of the precautions to 
be taken depends in a great measure on the time the machinery is to be idle. 
For engines in occasional use, say once or twice a week, nothing more is 
necessary than a good oiling when shutting down, and a turn round by hand 
every day. Boilers idle for a fortnight at a time may be closed up and 
entirely filled with water. 

When the period is likely to exceed a month, all engine packing should 
be withdrawn, and both interior and exterior working surfaces, and all 
polished parts, covered with cylinder oil or melted tallow. The boiler, if 
quite tight, may be filled with water, but the smallest leak or weeping will 
lead to corrosion. It is on the whole safer to drain the boiler and paint 
the interior with linseed oil or whitewash, leaving the doors off so that air 
may circulate freely. A boiler in this condition, and protected by a sound 
roof, may be left indefinitely. The iron chimney will be sufficiently pro- 
tected by a metal plate laid across the top to keep the rain out. 

Timber is more difficult to preserve, for when white ants are prevalent 
they soon appear on the scene if the machinery is idle and vibration stopped. 
They will not touch woodwork painted with cyanide solution, but the effect 
of the cyanide is soon lost in places where it is exposed to rain. 

Examination of Boilers. — On taking charge of a mine that has 
been idle, when the state and condition of the plant is not known, it is best 
to take nothing for granted, and to submit each part to a searching 
examination such as all steam plant should undergo at least once a year. 

The flues are opened and cleaned, portions of the setting on which the 
boiler rests being removed and the shell examined for corrosion. The 
masonry work of the flues should be carefully inspected and repaired if 
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necessary, any leakage of cold air being detrimental to the performance of 
the boiler. Examine for traces of corrosion around mud holes and blow- 
off cocks. The lower parts of the fronts are liable to damage through 
accumulations of damp ashes. 

Internally, after a thorough cleaning and scaling, the thickness of the 
flues can be tested by a small hole bored through the crown of the furnace ; 
it can be afterwards screwed and plugged. The surface of the plates should 
be searched for pitting, and the seams for grooving. These grooves, some- 
times quite deep and seriously weakening the plate, are es|)ecially liable 
to occur wherever free expansion has been checked by stays or extra thick- 
ness of metal. Bulges and blisters, if small and local, may be patched by 
a plate bolted over them. Riveting is seldom successful unless done by 
men accustomed to such work. Cracks may be stopped by a hole drilled 
through the sheet at each end and a plate bolted over the whole. Such 
repairs naturally decrease the strength of the boiler, and the working 
pressure must be reduced accordingly. Renew safety plugs, and repair the 
furnace bridges. Remove warped and distorted firebars, they waste more 
fuel than new ones cost. 

When adding new firebars see that there is room for free expansion at 
their ends. The various mountings should now be overhauled, the safety 
valves ground in, taking care that the bearing surface of the valve on its 
seat does not exceed a sixteenth of an inch in width. The safety valve 
lever should work in an open fork ; when in a closed loop, native firemen 
have been known to wedge it down to prevent it from leaking! All valves 
will require packing and grinding, especially stop, check, and blow-off valves. 
The feed pumps will be thoroughly overhauled to ensure that their pistons, 
plungers, and valves are in good order. 

See that the pressure gauges are not stuck, and that their hands point 
to zero. Water gauges require grinding and packing. Those packed with 
asbestos can be renewed with shredded asbestos mixed to a dough with 
graphite and naphtha (kerosine may be used but is not so good). Insert 
the packing in thin layers around the plug, and ram each layer solid before 
putting in the next. 

Finally, having gone carefully over every fitting and mounting, raise 
steam and test pipe joints and connections for leakage. There may be 
neither time nor opportunity to attend to such things when once work is in 
full swing. 

The steam gauges may now be checked by the indicator, and the safety 
valves tested to see that they lift at the correct pressure, as shown' by the 
gauge. 

Externally fired multitubular boilers, unless corroded elsewhere by some 
particular leak, are generally thinnest in the shell plate over the fire, about 
4 ft. from the dead plate. In retubing them, the old tubes are cut in two 
or three places with a cross-cut chisel, longitudinally, through that part 
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expanded into the tube plate ; but to avoid injury to the plate, the cut 
should not extend quite through the tube. The ends are then knocked 
inwards and doubled into the bore of the tube ; when loosened at both 
ends the tubes fall to the bottom of the boiler and are withdrawn through 
the mud hole door. 

The new tubes may be fit to insert as they are received, or may require 
annealing to prevent their ends splitting when they are being expanded ; 
they are passed through the front plate and should not be expanded more 
than is necessary to make them steam tight. This is generally the case 
when the path made by the rollers of the expander can be just felt with the 
finger ; a hydraulic test should then be made before any further expanding 
is done. A careless workman may expand the tube to such an extent that 
the metal is weakened, and leakage soon follows. In fitting the stay tubes, 
the inside nuts are first tightened to a firm bearing and the outer ones 
screwed tightly against the sheet, the joints being made by grommets of 
copper wire or gauze and red lead. In an emergency a leaky tube may 
be plugged by a long bolt, passed from end to end, with a washer and 
joint material at front and rear. 

Water-tube boilers are cleaned by removing the caps at the ends of the 
tubes ; the interior of each tube can then be scraped and sluiced out with 
water, the scale being more easily removed when wet. In most boilers of 
this kind the baffle plates require attention, they are liable to warp with the 
heat and are easily displaced by careless firemen ; in either case heat escapes 
to the chimney instead of being compelled to circulate around the tubes. 

The Engines. — In order to thoroughly examine the state and working 
condition of the engines, all covers will be removed and the cylinders, air- 
pump barrels, and other bored surfaces gauged for wear. The piston rings 
will be set or renewed, self-expanding rings may be opened by gentle 
hammering on the inside with a round nose hammer. Brass rings may be 
cast to tide over an emergency ; the final turning to gauge should be done 
after they are cut, the ends being sprung together and held by clamps in 
the lathe. 

The slide valve and face will probably want trueing, but no good will 
be done by working the two faces together ; the valve should first be trued 
on a plane surface and the cylinder face filed and scraped to fit it. In 
Corliss gear there is play in the joints to be taken up, trip plates to be 
reversed or renewed. 

Reversing gear generally wants tightening up, joint holes reamed a size 
larger, and new pins fitted ; new sliding blocks should be fitted in slot 
links. Glands that are worn should be bored out and brushed with brass ; 
a white-metal lining soon wears away, and is not worth the trouble it causes. 
The crank shaft will be lined and levelled up, the main and connecting rod 
bearings adjusted ; test the cylinder clearance before replacing the covers, 
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and the valve setting before putting back the valve chest door. Any feed 
pumps connected to the engine are sure to require overhauling, and feed 
heaters scaling and cleaning. The interior of jet condensers and injection 
pipes soon gets covered with scale when dirty water is used ; they require 
cleaning at frequent intervals. Under similar circumstances, surface con- 
densers suffer from dirty and leaky tubes ; they are easily tightened when 
each tube is secured in the plate by a ring of packing and screwed gland, 
and may be cleaned by drawing them between two files, placed vee shape, 
in a vice. The smaller details, drain cocks and lubricators, will also require 
attention. In addition to the foregoing, each engine, according to its work, 
will have special gear attached to it which must not be neglected. In a 
mill engine there will be the transmission gear, shafting, and behs ; in a 
pumping engine the rods and bob, and in a winding engine the ropes, 
sheaves, brake gear, and drums. 

Steam may now be raised fur a trial run, diagrams taken from the 
engine, and connections tested for leakage. 

Boilers under Steam. — When at work the water level is the most 
important thing ; it should always be kept, as nearly as possible, at the 
same height by constant feed. The strains set up in the boiler by frequent 
changes of temperature are thus avoided, for few things are more injurious 
in this respect than large quantities of feed and fuel at irregular intervals. 

The water gauges should be blown through frequently, and the try cocks 
tested at the same time, or they will be found stuck just when required for 
use. In internally fired boilers, the fusible plug is an excellent safeguard, 
but must not be relied on ; like other automatic appliances, it is dangerous 
in proportion to the reliance placed in it, and a fusible plug may not be 
fusible if covered with scale. 

In case of low water and danger of overheating, do not draw the fire, but 
cover it with ashes, earth, sand, or even fine coal ; water must not be used, 
nor should the safety valve be opened, the reduced pressure enabling more 
water to turn into steam and thus lessening the already diminished supply. 

Firing. — If coal is used, the fire may be from 6 to lo in. thick, 
according to the draught pressure ; but in any case it must be of even 
thickness and free from holes. Fresh fuel should be introduced often and 
in small quantities, the furnace door being kept open as little as possible. 
Constant stirring and poking should not be necessary, but if so, the draught 
is insufificient ; some poor coals seem to have most effect when active com- 
bustion has ceased and the fire is a bed of glowing coke. Firebars should 
be freed from slag every shift, and warped ones removed when opportunity 
occurs ; by admitting more air in places they cause the fire to burn unevenly; 
bars often get unduly heated, and sag through accumulation of hot ashes in 
the ash pit. 
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The same principles hold good when wood is used ; but greater care 
must be taken to fire in small quantities, as this fuel contains from 20 to 25 
per cent, of moisture, and the heat of the furnace is checked until this 
moisture is evaporated. The furnace must be of ample dimensions, the 
fire doors large, and the clear height above the fire at least twice as great as 
when coal is used. The bars should be covered with a bed of glowing 
charcoal ; when wood is thoroughly consumed the residue is a fine white 
ash, not lumps of charcoal. 

The safety valve levers are eased daily, to ensure the valves being free ; 
the weights should be fastened in position and no other weights added. 
Pressure gauges are, or should be, connected to the boiler by a syphon, so 
that only water enters the gauge ; they should be checked every few months 
by attachirig an indicator in their place and observing if the pencil marks 
the same pressure as the gauge registers. In all classes of tubular and 
water-tube boilers the tubes should be cleaned every shift ; this is easily 
done by blowing through, or around, them with a jet of dry steam ; wet 
steam is useless for the purpose. 

Do not blow the boiler off unless absolutely necessary, and then only a 
little at a time ; the mud deposited around the blow off pipe is discharged 
in one or two seconds, and if this is done at regular intervals the boiler 
will never reach the stage when a total change of its contents is required. 

A boiler disconnected for cleaning will be severely strained if blown 
down while the setting is still hot ; one thing only is worse, viz., pumping 
in cold water to hasten the cooling. When one in a battery of boilers is 
being cleaned, it should either be isolated by self-acting valves, or the stop 
valve and blow-off be under lock and key ; blowing off at intervals becomes 
a matter of routine with the attendant, and lives have been sacrificed through 
forgetting the men at work in the adjoining boiler. 

The appearance of the boiler-house and engine-room is an indication 
of the state of the plant, and where dirt and leakage are absent, floors 
clean, fittings polished, and tools neatly kept, there is visible proof of care 
and attention on the part of the staff. These things tend to efficiency and 
are worth encouragement ; while economic efficiency may be assisted by a 
record of the fuel and stores consumed, with a monthly bonus on the result. 

Starting. — The engine is warmed before starting by opening both regu- 
lator and drain cocks slightly. When the valve gear can be disconnected 
and worked by hand, a little steam may be admitted to alternate sides of 
the piston. The engine should not be violently rocked, and reversed as it 
is turning centre. Move it as little as possible, bringing the crank into a 
favourable position and connecting the eccentric rod before starting. The 
lubricators will now require attention, the threads being adjusted to the 
oil feed required. Sight feeds are best for internal parts, but lubrication 
should be sparing when the condensed water is used for feed. 
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All lubrication should be minimum in quantity and constant in applica- 
tion, while the lubricant should suit the speed of the shaft and pressure on 
the bearing. A thin oil suits a fast motion and light load, more body 
being required for parts moving slowly under considerable pressure, such 
as crusher rolls and pumping cranks. In new or newly adjusted machinery, 
it is best to leave the bearings slack at first, and to tighten them gradually 
as they bed themselves after a few days' work. Hot bearings may be 
due to defective lubrication, tight adjustment, rough surface, or excessive 
load pressure, an indiscriminate application of water only makes matters 
worse. Apply antifriction grease and powdered graphite through the oil 
hole, and pour water only on the shaft or neck of the bearing. Frequent 
heating is probably caused by rough or scored surfaces, and the shaft 
should be drawfiled from end to end of the bearing with a dead smooth 
file, but do not polish with emery cloth ; wash well with kerosine before 
assembling, and the brasses will soon work to an even surface unless 
deeply scored. 

Running. — Clear, regular puffs of exhaust show valves and pistons 
correctly set and in good order ; but when low pressure steam is used, or 
the cut-off is early in the stroke, the exhaust may no longer be sharp, 
though it should still be regular and even. On the other hand, the con- 
densing engine exhibits no external sign, and the indicator is the only 
means of finding out what is going on within. 

The indicator is an instrument needing no detailed description ; 
it is made in many forms, but in principle they all agree with the original 
designed by Watt. 

A revolving barrel covered with paper derives its motion from the 
engine piston, or some part connected to it, and thus represents on a 
reduced scale the motion of the piston. 

A pencil controlled by the steam within the cylinder represents by 
its vertical movement the varying pressure on the piston. These two 
motions at right angles to each other produce a compound figure which 
would be a parallelogram, provided the steam pressure was constant 
throughout the stroke, the admission and release instantaneous, and 
there was no cushioning; conditions fulfilled by many forms of direct- 
acting pump. 

In practice, a curved figure results which, when plotted to scale, gives 
the mean steam pressure on the piston. It also indicates the points of 
admission, cut-off, and exhaust. 

The indicator should be connected close to the ends of the cylinder, 
holes for the purpose will generally be found near the covers. Diagrams 
may be taken by attaching the indicator to alternate ends of the cylinder, 
but this is open to the objection that the boiler pressure, or load, may 
vary in the interval, or the same stroke may not be given to the indicator 



82 



GOLD MINING MACHINERY. 



drum, making it difficult to compare results from opposite ends of the 
cylinder. 

It is on all accounts preferable to screw a valve into each cylinder 
opening, and connect these valves to a common Tee, into which the 
indicator is screwed. Diagrams can then be taken from both ends of the 
cylinder without altering the setting of the instrument. Let the pipe 
connections be as short and direct as possible, blow them through with 
steam before attaching the indicator, and see that the instrument is clean 
and oiled. Motion is usually obtained from the cross-head of the engine, 
the return stroke being made by a coiled spring within the barrel. 

Some care is required in arranging for this motion or a distorted 
diagram will result. The pull of the cord should be parallel with the 
bore of the engine cylinder, and the lever about twice as long as the 




Fig. 29. — Diagram from Condensing Engine, steam cut oft at one-sixlh of the stroke. 

engine stroke. When the engine stroke is 5 ft., the lever will be from 
8 to 10 ft. long, and the point in its length where the indicator cord is 
attached to obtain a 4 or 5 inch stroke will be several feet above the level 
of the instrument. Under these conditions the cord will not be parallel 
with the cylinder unless reducing wheels are used ; an alternative plan is 
offered by compound levers, one pivoted above, and the other below, 
the centre of motion. 

The length of the cord is now adjusted until the barrel makes nearly a 
full revolution with each stroke of the engine ; but it must on no account 
touch the stops at either end of its stroke. 

The two ends of a sheet of paper are now inserted between the clips 
on the drum, and the sheet worked down until it lies closely and evenly. 
Open the valve at one end of the cylinder and allow the indicator to work 
a few strokes to warm up ; press the pencil against the revolving paper 
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no harder than is necessary to make a distinct mark. Now close the 
steam valve and connect the opposite end of the cylinder, taking a diagram 
in the same way ; shut off the steam, while the pencil traces the horizontal 
atmospheric line. 

Remove the paper and number the diagram, marking the front and 
back ends of the card; note also the date, time, load on the engine, 
number of revolutions, rate of expansion, and the readings of the steam, 
vacuum, and receiver gauges. 

Fig. 29 shows a typical pair of diagrams taken from a condensing 
engine, steam being cut off at one-sixth of the stroke. The arrows show 
the direction in which the piston of the engine is moving. In these 
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Fig. 30. — Diagram showing eflfect produced by too great an advance of the Eccentric. 

All points early. 



figures all motion in a horizontal direction denotes movement of the 
engine, and all vertical variations represent fluctuations in steam pressure. 
At A the piston is on dead centre at the crank end, and moves in the 
direction of the arrow under full and steady steam pressure. At d the 
steam is cut off, and the piessure falls all along the expansion curve until 
at E the exhaust begins to open. The exhaust opens more widely and 
the pressure falls until the end of the stroke is reached. The horizontal 
line at the bottom of the diagram indicates the pressure in the condenser 
during the return stroke. At h the exhaust closes, cushioning commences, 
and the pressure rises until at p steam is admitted for the next stroke. 
G K is the atmospheric line, measurements above it are steam pressures, 
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below it, vacuum pressures; while the total measurement from top to 
bottom of the diagram gives the absolute pressure. 

In Fig. 29 the points of steam admission, cut-off, and exhaust occur 
in their normal positions, and show that the valves and eccentric are 
correctly placed. Fig. 30 is a diagram purposely distorted to show what 
occurs when the eccentric is too far in advance of the crank. Here every 
point occurs too soon ; the cushioning at h commences early, the full 
steam pressure a is on before the back stroke is completed, the cut-off 
is earlier than it is intended to be, and the exhaust is finished before the 
stroke is ended. The loop at a is caused by the piston moving against 
the steam and compressing it; partly, too, by the momentum of the 
indicator. 

Fig. 31 shows the opposite defect; here the main points are all late. 



G — 




H 



Fig. 31. — Eccentric not sufficiently advanced. All points late. 



The exhaust is not closed until nearly the end of the stroke, showing 
scarcely any compression at H ; the rounded curve from p to a indicates 
insufficient lead ; and at e the stroke is finished before the exhaust opens. 
Evidently the eccentric is wrongly placed, and should be moved farther 
in advance of the crank. 

When diagrams from both ends of the cylinder show the same defects 
as regards time, that is, when all the points are either early or late, the 
fault lies in the position of the eccentric. Should opposite defects appear, 
too early at one end and too late at the other, the length of the eccentric 
rods or valve rods requires adjustment. Like defects, eccentrics ; unlike 
defects, rods. 

In Fig. 32 the dotted line d e shows the effect of a leaky slide valve 
which admits steam after it is cut off and maintains the pressure above 
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the line of expansion curve. The dotted line a e may be caused by pipes 
and {xissages of insufficient area, which fail to deliver steam at the rate it 
is required ; the same result appears when the regulator or throttle valve 
is partly closed. The dotted line p q may be due to insufficient lead, but 
as other points in the diagram are correctly placed, it indicates a leaky 
piston. The whole figure is above the atmospheric line, as is the case 
in all diagrams taken from non-condensing engines. 

When compound engines are being indicated, diagrams from the 
different cylinders should be taken as nearly as possible at the same time. 
The indicator may also be used for testing pumps and air compressors, 
and is a valuable check if screwed on in place of a pressure gauge ; in 
that case the scaled length of the vertical line described by the pencil 
should correspond with the reading of the gauge. 




Fio. 32. — Indicator Lines showing Various Engine Defects. 



Horse-Power. — To ascertain the horse-power, divide the length 
of the diagram into ten equal parts, and with the scale corresponding 
to the spring used, measure the whole width of the diagram, from top to 
bottom, in the centre of each division. Add these ten measurements 
together, strike off one figure on the right, and the result is the mean or 
average steam pressure throughout the stroke. Should the totals from 
opposite ends of the cylinder not agree, add them together and divide 
their sum by two. 

This average pressure, multiplied by the area of the piston, and by the 
number of feet travelled by the piston per minute (stroke in feet multi- 
plied by twice the number of revolutions), and divided by 33,000 will give 
the indicated horse-power. 

In dealing with engines having more than one cylinder, the horse- 
power of each cylinder is found separately and the totals added together. 
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The indicated horsepower always exceeds brake horse-power, as the 
former includes all the power absorbed by friction in the engine, while 
brake horse-power is the actual power available at the crank shaft. 

In this way a set of diagrams, taken every two or three months, not 
only shows the power developed, but illustrates the condition of those 
internal parts of the engine inaccessible to ordinary observation. Every 
six months or so it is advisable to have a more searching test, in which 
the boilers are included, to determine the cost of the power supplied. 

As work may be hindered if fires are drawn at the commencement of 
the test, the results will be sufficiently accurate if care is taken that the 
state of the fires, the steam pressure, and the water level, are alike at each 
end of the test. 

All fuel must be weighed, and credit given for any unconsumed ; the 
amount of feed water is easily checked if a tank of known capacity is 
filled, and tallied each time it is emptied into the main tank. The safety 
valves should not blow, nor should the boiler be blown off if it can be 
avoided. The test should last as many hours as continuous observation 
can be arranged for ; diagrams will be taken at regular intervals, not less 
than three times during the test. If no counter is available, the revolu- 
tions must be taken at different times and averaged; notes will be made 
of the pressures shown by the barometer, steam, vacuum, and receiver 
gauges ; also of the temperature of the boiler-house, engine-room, feed, 
injection and circulating water, and the overflow from the condensers. 
From these data the boiler and engine efficiency are obtained separately — 
the boiler, in pounds of water evaporated per pound of fuel; and the 
engine, in pounds of steam or fuel per I.H.P. per hour. 
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CHAPTER VII. 

PUMPING MACHINERY, 

Pumping Engines, Types of — Geared — Direct-acting — Erecting — Connections — Pit Work 
— Plunger Lift, Fixing — Sinking Lift — Station Pumps — Riedler Pumps — Pumping by 
Water and Air Pressure — Direct-acting Pumps — Selecting a Pump for Required 
Duty — Fixing and Adjusting Direct-acting Pumps — Tailings — Centrifugal and 
Donkey Pumps — Overhauling. 

The pumping machinery used in mining may be divided into two classes : 
in the first, the motive power is at surface and the pumps actuated by rods ; 
in the second, the pump and motor are combined, placed underground, and 
driven by steam, compressed air, or electricity ; the latter class includes all 
station and direct-acting pumps. 

Those driven by motive power from the surface have distinct advan- 
tages over underground engines. They are more economical, saving the 
inevitable percentage lost when power is transmitted by steam or compressed 
air ; they are not affected by sudden inrush of water, and can be worked 
submerged if necessary ; and the surface engine is generally in better order, 
as it affords greater facility for inspection and repair. In comparing the 
working cost of the two systems, it may be stated broadly that an under- 
ground steam engine will consume about three times as much steam as a 
condensing engine at surface doing the same work. The underground 
type, however, has an advantage in respect of prime cost and initial outlay, 
and on this account is often used for preliminary work and temporary 
purposes. 

Surface pumping engines may be divided into two kinds ; in one the 
piston rod is directly connected to the pump rods, in the other gearing 
intervenes between them. Mention of the first would be incomplete with- 
out passing reference to the Cornish pumping engine, with its honourable 
record of duty, regularly and economically performed ; for many years this 
engine stood in the front rank as an economical producer of power, but 
has now given place to the multicylinder type. 

Few examples of this class are to be found on foreign mines, as the cost 
of erection and transporting their massive parts has led to the adoption of 
smaller motors driven at a higher piston speed. 

To this type belonged the well-known engines with i44-in. cylinders which 
drained the Haarlem Meer, a task which at the present time would be per- 
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formed by a comparatively small motor directly coupled to a centrifugal 
pump. 

The Geared Pumping Engine. — In all except deep or very wet 
mines, this form of engine is in general use ; it is usually arranged horizon- 
tally, and connected to the pumping crank by spur gearing. Such engines 
may be found on most goldfields, and are well suited to pumping from 
moderate depths ; the gearing, usually five or six to one, permits a high 
piston speed in proportion to the pump travel, and thus reduces the 
motor to moderate weight. A variable pumping stroke is provided for 
by holes of different radii in the pumping crank. 

Against them may be urged that on heavy loads the chattering and back- 
lash of the gearing has a disintegrating effect on the masonry, and for this 
reason the foundations have had to be rebuilt in several instances. There 
is also difficulty in handling these engines and starting under heavy loads ; 
though this certainly might be avoided by using a pair of engines, by bar- 
ring gear on the flywheel, or by detaching valve gear as used on many 
American patterns. The fact remains that these facilities are seldom 
afforded and, when the load approaches 400 ft. of 1 2-in. pitwork, starting 
a single engine on centre is neither easy nor devoid of risk to those turning 
the flywheel. 

In erecting a horizontal geared engine of this kind, a line squared with 
the mine shaft and set off from the centre of the pump rods will be the 
datum from which the bob loading and pumping crank foundation arc laid 
off. A parallel line to the right or left, and at the required distance from 
it, will be the centre of the engine. The distance from the pumping crank 
shaft to the main pump rods in the mine shaft will be the length of the 
sweep rod, added to the length of the bob from king post to pumping pin, 
minus half the versed sine of the arc described by the nose of the bob. 

Should it be desirable to place the engine farther from the mine shaft, 
it can be arranged by introducing travelling rods between the sweep rod and 
bob. From these lines and measurements the work is laid off, as already 
described, the foundation for the pumping crank being a solid block of 
concrete if possible. Failing this, cement masonry may be used ; if neither 
is available, the only alternative is to place the engine near the bob and tie 
the bob and engine foundations together with timber struts, so disposed as 
to take the push and pull of the sweep rod. 

Care is required in running these engines, as the load is constantly 
varying in each half revolution of the pumping crank, being least when 
that crank is passing its dead centres. As sufficient steam must be ad- 
mitted for the heaviest load during each pumping stroke, the quantity is 
more than necessary when little work is being done. For this reason the 
engine cannot be run at less than twenty or twenty-five revolutions a minute, 
and this may be faster than even the shortest pumping stroke requires to 
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cope with the water. Short of stopping the engine at intervals, the alter- 
native is to pipe water back to the cisterns below in order to keep the 
pumps supplied ; this method, involving waste of power, is effected by 
opening a cock near the foot of the column. 

These engines are generally condensing, and part of the water raised to 
surface is used for injection or circulating purposes ; as a safeguard a bye- 
pass should be provided, cutting out the condenser and enabling the pumps 
to be run non-condensing in an emergency. In preliminary work, pump- 
ing and hoisting are often performed by the same engine, a combination 
referred to in the following chapter. . 

Direct-Pumping Engines.— This class is represented by the well- 
known differential engine made by Hathom, Davey, & Co. It may be 
asked why a direct engine of this type should be more suitable as regards 
weight and transport than the Cornish pattern ; the reason is that several 
cylinders take the place of one large one, these are double acting instead 
of single, and the arrangement of valve gear permits a higher working 
pressure. 

This engine is made single, compound, and triple expansion, and has a 
corresponding number of cylinders, placed tandem, and mounted on a bed- 
plate. A connecting rod attaches the end of the high-pressure piston rod 
directly to the bob and pump rods, the steam distribution in the cylinders 
being controlled by the ingenious differential valve gear from which the 
engine takes its name. (See Fig. 33.) 

The valve motion is obtained from a freely suspended rocking link, 
worked at one end by the main engine, and at the other by a small subsi- 
diary engine controlled by cataract gear ; the valve spindle of the main 
engine is attached between these two extreme points. The motion of the 
rocking link due to the main engine tends to close the main steam valves, 
while that imparted by the subsidiary engine tends to open them. Thus 
the valves are closed by the main engine, while their opening and the 
extent of their opening is controlled by the auxiliary. 

As this auxiliary is controlled by a cataract, it can be set to move at 
any rate which will admit the required amount of steam to the main 
engine. Should the speed of the main engine increase, either from 
increase of steam pressure or decrease of load, the main engine gains on 
the auxiliary, the closing of the valves is accelerated, and steam either 
throttled or cut off. 

The gear therefore forms a sensitive governor acting directly on the 
steam valves. By the side of the auxiliary is another small cylinder in 
connection with a cataract, by which the interval between the strokes of 
the main engine can be regulated from a mere pause to fifteen or more 
seconds. As the result of this arrangement, pumping is economically 
performed even when the pumps themselves exceed the capacity re- 
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Fig. 33.— Standard Difiereniial Gear. 

quired^a point of considerable importance where wet and dry seasons 
prevail 
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In erection this engine does not differ materially from an ordinary 
horizontal, but being direct acting, the centre line of the pump rods and 
bob will also be the centre of the cylinders. The condenser usually stands 
by the side of the main engine, the air pump being worked by a rod from 
the axle of the quadrant. As the length of the stroke is not controlled by 
a crank, catch wings are provided on the pump rods and bumper beams 
under the quadrant. 

These differential engines have been selected for what is probably the 
heaviest installation of pumping machinery on any gold-mine in the world 
(the Tasmania gold-mine). The three engines each have high-pressure 
cylinders 50 in. in diameter, low-pressure cylinders 108 in. diameter; 
stroke, 10 ft. ; working pressure, 150 lbs. per square in. To each engine are 
connected main rods 22 in. sq., operating four plunger pumps 20 in. 
diameter by 10 ft. stroke, and lifting a vertical height of 500 ft. each. The 
complete installation is to be capable of raising 8,000,000 gallons a day 
from a depth of 2,000 feet. 

The following hints on working the engine and adjusting the valve 
gear are extracted from the instructions furnished by the makers: — 

Before starting, open all drain cocks and warm the cylinders by 
admitting a little steam ; all drain cocks should be connected together to a 
common pipe leading to the condenser, otherwise the low-pressure cylinder 
will not be drained. 

The differential gear should be worked for a few strokes by hand, by 
means of the lever provided for the purpose. When the gear works freely, 
the engine may be started and reversed by hand for a few strokes ; then 
connect the reversing motion and run the engine on a short stroke until 
full load and vacuum are on. 

See that the cataract does not work too fast. Should it do so, it 
will not control the engine, and the supply of steam will have to be 
regulated by the stop valve, which is extravagant in steam and unsafe in 
case of sudden loss of load. The cataract cylinder must be full of clean, 
preferably condensed water ; the feeder must be attended to and kept 
constantly full. 

If the main piston works too near one end of the cylinder, the position 
of the expansion slide can be varied by the adjusting rod with right and 
left hand coupling. In addition, there is generally an adjustable cross-head 
on the expansion valve spindle by which the position of the slide can be 
varied. 

When trip gear is fitted to a large engine, the springs should not be too 
tightly compressed. The springs and adjusting plug ought to be so 
sensitive that a moderate increase in the speed of the engine will cause the 
valve to trip. 

Where circular compression valves are provided on the high-pressure 
cylinder, it is usually best to adjust them to compress the steam at three- 



92 GOLD MINING MACHINERY. 

quarters stroke at starting ; altering them gradually to compress later in the 
stroke after the engine has fairly started and obtained full vacuum. The 
exact position best for each engine can only be ascertained by trial. 

To lengthen the working stroke, lower the die in the cut-off lever. To 
shorten the stroke, raise the die in the cut-off lever. 

When the required length of stroke is obtained, move the tappets to 
position for reversing the gear. 

To reduce the speed of the engine, it is best to make pauses of longer 
duration between strokes, by screwing in the pausing cataract plug; do 
not alter the speed of the main cataract. 

Connections. — The motion derived from the engine being horizontal, 
it must be altered to suit the angle of the mine shaft ; this is done by the 
Tee bob or quadrant, the upper end of which is connected to the pumping 
crank by the sweep rod. For heavy lifts quadrants are preferred, and are 
constructed of steel plate, sometimes stiffened by a timber filling. 

The wrought-iron bob at the Thames Hauraki Mine weighs 22 tons, 
and transmits the geared strain of a compound condensing engine, with 
cylinders 30 and 60 in. in diameter by 5 ft. stroke. In ordinary practice 
the principal members are timber beams, trussed with wrought-iron bridles ; 
the sweep rod is attached to the top of the upright, or king post, and the 
bridles transmit the strain to the pin at the end of the queen post. In 
vertical shafts these two members stand at right angles to each other ; in 
incline shafts the queen post, at half stroke, will always be at right angles 
with the underlie of the shaft. 

Sometimes bobs are shored up with timber from the pumping nose to 
the top of the king post ; this ought not to be necessary, as the pump rods 
should always exceed the weight of water to be lifted by the force pumps, 
and the strain between these two points is therefore tensional. 

The balance in the box should be equal to half the weight of the 
pump rods ; so that on the up stroke the engine lifts half the weight of the 
rods and on the down stroke raises the balance weights, the pump rods 
being then balanced by the rising water and friction in the pipes. In deep 
mines the mere weight of the rods is a considerable strain on the upper 
members, and is relieved by balance bobs placed at intervals of a hundred 
fathoms or so in the shaft ; these serve to balance, or take up, any excess 
m rod weight beyond that required for working the pumps. 

Angle bobs are introduced at points where the shaft deviates from its 
usual direction. At half stroke each limb of the bob will stand at right 
angles to the line of rods to which it is connected. 

The pin on the king post is level with the pumping crank shaft, and as 
this post is 10 ft. or more high, the bob is usually placed in a pit, and the 
main bearings fixed some 5 or 6 ft. below the surface. This arrangement is 
necessary to keep the engine centre within reasonable distance of the ground. 
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When lifting pumps are employed, the first piece of main rod often 
rests on the bob, instead of hanging from it ; by means of a set-off on this 
" sky-pole," the water is raised above the level of the bob and delivered at 
surface. 

^ ig- 34 IS a plan of a bob loading and pit, showing the bob in position ; 
the line a b is seldom set out from the centre of the pumping com- 
partment, as by placing the bob on one side more room is left for the 
column. The crow and bolt holes in the loading are laid off from the 
centre c d ; this line being measured from the centre of the pump rods, 
after allowance has been made for the vibration of the bob nose, and 
squared from the line a b. 

^'& 35 ^s ^^ elevation of the same bob, suitable for a pair of 18 in. 
by 3 J ft. geared engines with a pumping stroke of 6 ft. The sectional 
view of the balance box shows how the frames at the front and back ends 
are arranged. In assembling the bob, care should be taken that the three 
main pins lie in the same horizontal plane and are not twisted with each 
other ; the bridle ends under the balance box are tightened until a slight 
camber is given to the main beam. 

The main rods forming the connection between the bob and pumps 
are seldom hung in the centre of the pumping compartment. If placed 
on one side, more room is left for the columns, or rising main. They are 
composed of lengths of wrought-iron or timber rods, the latter material 
being more generally used; with the exception of those attached to 
direct-acting engines, their total weight must exceed that of all water 
lifted by any forcing pumps. Their diameter is seldom constant 
throughout the whole length, but is gradually diminished as depth is 
attained. When the rod is made of pitch pine or wood of similar weight, 
the general rule is to let each side of the square baulk be not less than the 
diameter of the force pump attached ; naturally, all weight added in the 
form of bolts, strapping plates, and connections, is also effective. In 
order to avoid frequent joints, the longest baulks that can be obtained 
and conveniently handled are selected; care is taken that ihe timber is 
sound, free from shakes and flaws. At the joints, the ends of the baulks 
are squared, butted together, and secured by strapping plates and bolts, 
four plates to each joint. 

To prevent bending under the compression due to superincumbent 
weight, the main rod is stayed at intervals of 25 to 30 ft., thin planks being 
bolted to the four sides to protect them from wear in their passage through 
the stays. See a. Fig. 36. In case of heavy wear on any particular stay, 
the stay itself is protected by a piece of round iron let into the cross bar. 
Catch-wings are bolted to the rod at intervals, so that in case of breakage 
the weight of the rod would be taken by the bearers below. See b, 

Fig. 36. 

In incline shafts it is necessary not only to support the rod against 
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Fig. 34. — Plan of Bob. 



bending, but to take up its weight, 
and rollers therefore take the 
place of stays ; supports are 
always placed more closely to- 
gether when the rod is worked 
by a double-acting engine, such 
as the Hathorn Davey. 

Pit Work. — The pumps 
attached to the main rods are 
generally on the Cornish system, 
in which high pressures are 
avoided by pumping in stages. 
Each complete set of pumps is 
known as a "lift," and the dis- 
tance between them is about 
240 ft. ; each lift discharges into 
a cistern placed 240 ft. above it, 
whence the water is again drawn 
by the lift above. Each pump is 
of the ram or force type, the 
water being lifted by the displace- 
ment of a " pole " ; but the lowest 
lift, having no fixed position in 
the shaft, is always a bucket, or 
drawing lift. 

Although the usual height of 
a plunger lift is 240 ft., this dis- 
tance may be increased or di- 
minished in order to enable the 
pump to deal with the water 
coming from any particular level 
or cross-cut. Still it is not ad- 
visable to greatly exceed this 
limit, as the large valves, or 
"clacks," of the Cornish pump 
are suited only to moderate lifts, 
and at higher pressures close 
with considerable shock. This 
trouble is augmented as the 
speed is increased, and about 
twelve strokes a minute is the 
maximum for this class of pit 
work. 



PUMPING MACHINERY 




MS 



GOLD MINING MACHINERY. 

Fixing a Plunger Lift.— To e 
each pump is almost invariably fixed on one side or 
the other of -the main rod, and the bearers on which 
it rests thererore stand parallel with the dividings of 
the shaft. These bearers will be so placed that the 
cistern in which the pump stands will be slightly 
below any adjacent mine level or cross cut, so that 
any water making at that depth may be led direct 
to the cistern instead of finding its way farther down 
the shaft. 

Having determined on the position, the hitches 
in which the hearers are to rest may be made ; pre- 
ferably they are cut out of the solid rock with moyles 
and gads. In very hard rock, holes a few inches 
long may be bored and fired with half or a third of 
a plug of dynamite, the greatest care being taken not 
to shatter the face of the rock. Naturally, the hitches 
will not be reliable if cut in an overhanging shelf, 
nor unless the ground immediately beneath them is 
sound. 'I'he depth to which It Is necessary to cut is 
a matter depending more on the soundness than the 
hardness of the ground ; in country thoroughly sound, 
free from seams and slips, 2 in. is sufficient, since the 
weight is taken more by the ends than by the area on 
which the bearer rests. 

The hitches being squared up and levelled with 
each other, the bearers may now be cut to length and 
put in, one at a time ; each is wedged tightly at one 
end, first with wooden wedges, then with thin iron 
ones. If this wedging is thoroughly done, the slight 
swelling of the timber with the dampness makes the 
bearer firm as the rock Itself. The size of the bearers 
depends on the weight of the lift and the width ol 
the shaft, or distance between points of support; 
usually there are three, placed one over the other, 
each being the same size as the main rod. 

The cistern is now placed in its position on the 
bearers; in it rest the suction pipe, or "windbore," 
which supports the weight of the rising main, and 
the dead end (often a piece of timber), which sup- 
ports the pole case. On these rests the H piece, 
which connects the pump to the rising main, and con- 
tains the bottom clack ; the pole case is bolted to 
the side of the H piece nearest the main rod ; on the 
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opposite side the top clack piece is fixed. On the top clack piece comes 
the rising main, and if the pump is being fixed near the bottom of the 
mine, the lowest pipe in the rising main is usually bored as a working 
l)arrel, with a diameter slightly smaller than the rising main pipes. 

By this means, should the plunger pump give out while drowned or 
submerged, it can be converted into a drawing lift. This is done by 
lowering a drop clack into a seating prepared for it on the top clack box, 
and by lowering a bucket into the working barrel at the foot of the rising 
main ; the pump may then be worked as an ordinary bucket lift until the 
plunger is redeemed. At its upper end the pole case is steadied by a 
piece of timber thrown across the shaft, and the rising main is steadied 
and supported by stays, placed at intervals of about 50 ft. The pole, or 
plunger, is cast hollow, and turned parallel on the outside. It must be 
carefully fitted to a timber stocking-piece about 6 ft. longer than the pole 
itself. The upper end of the stocking, where it projects from the pole, 
is square in section ; the lower end is secured to the pole, first by wooden, 
and afterwards by iron wedges. A leaky stocking-piece is an awkward 
matter to rectify ; on the other hand, it is possible to wedge up too tightly 
and split the iron casing. 

The complete pole, with its stocking, is now lowered into the case, and 
a distance piece prepared corresponding in thickness to the interval, or 
space, between the stocking. and the main rod. Before connecting the 
pole, the total depth of the case should be measured and noted, also the 
depth from the gland to the lowest bored part of the stuffing-box. This 
latter distance is now measured off on the pole from its lower end, and 
marked on its side ; when this mark is level with the top of the stuffing-box 
gland the pole may be connected, provided the rods are at their highest 
point in the stroke. If the rods are at their lowest point, the pole is 
lowered into the case the same amount, plus the length of the pumping 
stroke. The connection is made by staples and glands, as shown in Fig. 
36. In attaching a pole to rods operated by a crank with variable stroke, 
allowance must be made for possible lengthening of the pumping stroke. 

The clacks are faced with leather, and their seats made tight in the 
boxes by a binding of tarred blanketing; chains and screw shackles are 
hung over the doors to take their weight when open for adjustment of the 
clacks. The general arrangement of all the working parts is illustrated in 
Fig. 36. 

The Drawing Lift.— The lowest pump in the shaft is always a 
bucket or drawing lift, this type being fixed in no permanent position 
like the plunger, but being free to follow the increasing depth of the shaft. 
It consists of a windbore, clack piece, working barrel, and rising main ; 
in this case the rods attached to the bucket are placed within the rising 
main. 

G 
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The windbore of the drawing lift rests on the bottom of the shaft, and 
as the depth increases the lift is lengthened by adding pipes at the top. 
To provide for the varying length of lift required, short pipes, known as 
matchings, are supplied. Thus the pipes added to the lift would be 
successively 3, 6, and 9 ft. long. In order that the rods may maintain 
their relative length to the lift, their upper end terminates in a pin-plate ; 
and by engaging successive holes with the set-off, the rods may be 
lengthened until the depth is sufficient to admit a short rod being added. 
When a telescopic windbore is used, the weight no longer rests on the 
bottom, but must be taken up by yokes around the top of the lift. See Fig. 
36. When a door piece is not provided for convenience in changing the 
bucket, the whole length of rods must be drawn from the lift each time the 
bucket is changed. Spare buckets and clacks are always kept on hand. 

Fig. 37 shows a complete bucket for a sinking lift, the working barrel 
being shown in section, a is the prong, b the form, c the leather gearing, 
D the ring, c. and h the gib and cotter. It may be noticed the exterior of 
the form and interior of the ring are portions of a cone having its apex at e. 
This point e is the centre from which the bucket gearings are marked off, 
usually a wooden template is cut, as shown by the dotted lines. The 
length of the gearing must be such that two ends meet neatly when placed 
around the form. 

The ring is then driven on, and, tightened by the cotter, keeps the 
gearing firmly in position. The height the gearing is allowed to project 
above the form is an important point, and depends chiefly on the condition 
of the working barrel, though it also increases slightly with the diameter. 
For moderate size punjps, from 9 to 12 in. diameter, three-quarters of an 
inch is sufficient. This may be increased to i| or ij in. when the work- 
ing barrel is worn and no longer parallel in its bore. Any additional height 
beyond that actually sufficient only increases the friction of the pump and 
adds little to the life of the gearing. 

The appearance of the water, as delivered at the head of the column, is 
an indication of the condition of the pump. Thus bubbles of air show a 
leak in the suction pipes. Frothy water, sometimes violently ejected, is 
caused by air being drawn through the windbore; the pump is **in fork," 
the suction holes no longer submerged. The bottom clack is leaky if the 
water does not remain level with the top of the column while the rods 
make their downward stroke. Water rising and falling with the motion 
of the bucket, but not being pumped, tells the pitman the bottom clack is 
trigged up. In the opposite case, when water remains at a constant height 
and receives no motion from the pumping strokes, something is amiss 
with the gearing or clack of the bucket. 

Jack Head Pumps. — There is another variety of pump also worked 
by rods, and known as the " jack head." It is a drawing lift with a cover 
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over the working barrel provided with a stuffing-box through which the rod 
works. As the bore of the barrel and the centre of the stuffing-box must 
be aligned with the rods, this form of pump must be almost as carefully 
fixed as the plunger lift, and since it has not the corresponding advantages, 
there is little justification for its use. 



Station Pumps. 

Station pumps are permanently fixed in position underground, and 
driven either by steam, compressed air, electricity, or hydraulic power. 
When once submerged most of them are useless, hence, as a matter of 
precaution, they are generally duplicated, and are not placed in position 
until considerable ground has been taken out around them, and a large 
lodgment for water secured. 

The foundations required depend on the motive power and capacity of 
the pump. An ordinary steam pump may he laid on any convenient 
bearer, but it is not advisable to push this advantage too far, and, unless 
properly secured to its foundations, the jar of constant stroke reversal soon 
causes leaky joints and connections. 

The more complex forms require special chambers, concrete founda- 
tions, and are secured by anchorage bolts let into lewis holes either in the 
concrete or solid rock. 

Station pumps are generally worked on a different system to those 
operated from surface. The latter are kept constantly at work, being 
regulated in the engine room to the speed required to cope with the coming 
water. Station pumps, being generally of ample capacity, are seldom 
worked continuously. 'J he water is allowed to accumulate in the mine, 
and rapidly sent to surface by a few hours' pumping. This plan answers 
well enough when the water is not heavy and there is ample lodgment 
room, but few, if any, really wet mines are drained entirely by this 
method. 

A feeling exists among many mining men that delicate, high-speed 
machinery is out of place when permanently fixed underground. They 
want to know what the repair and renewal bill will amount to in five years 
should skilled attendance not be available, and prefer the simplicity of the 
Cornish system, in which ordinary running repairs can be done by most 
intelligent miners. The same man who could change a bucket or tighten a 
blowing pole might, with the best intentions, ruin a high-speed motor. In 
mines where the water is not a serious item, these pumps certainly possess 
advantages. They occupy less valuable room in the shaft, are suitable for 
lifts of a thousand feet and over, and offer a choice of alternatives as 
regards motive power. 
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On the other hand it must be admitted that the noise made by all forms 
of geared pump is greatly increased by the confined surroundings, that 
rapidly moving parts require constant lubrication and attention, that solid 
foundations are necessary to absorb the vibrations due to frequent 
reversal of motion, and that, for safety's sake, the installation should be 
duplicated. 

The Riedler Pump— The principal features of this pump are the 
valves, and the mechanical arrangements for closing them at the end of the 
pumping stroke. There is but one valve for the suction and one for the 
delivery. E^ch is a circular bronze casting fitted with inclined vanes which 
ensure a partial rotation at each pumping stroke, and secures even wear on 
both valve and seat. Neither of these valves is in any way controlled by 
springs. At the commencement of each stroke a free and automatic lift of 
I or 2 in. is allowed ; while, at the end of the stroke, the valves are closed 
by rocking gear worked from the crank shaft. As the result of the ample 
valve area and life provided, the speed of the water in the passages is reduced 
to a few feet a second ; while the positive closing action secures remarkable 
freedom from slip, even when running at very high speeds. It is owing to 
the mechanical valve-closing that speeds of 300 and 400 pumping strokes 
a minute are not only obtainable but run with high mechanical efficiency ; 
while the speed allows a small, light pump to be of relatively large 
capacity. 

For station work two rams, generally of different diameters, are 
mounted tandem and driven by a crank and connecting rod, the crank 
shaft being worked by any rotary motor. The arrangement may be either 
horizontal or vertical, the duplex form being particularly suitable for this 
work, as one side can be held in reserve, and both coupled up in an 
emergency. 

This pump may be driven by belt, gearing, or ropes, but the high speed 
renders it particularly suitable for direct connection to Pelton wheel or 
electric motor. In the latter case shunt winding is preferred, and as the 
pumping is done by numerous strokes of small capacity, the load on the 
motor is uniformly maintained, and a light torque required. 

The following test of an electrically driven Riedler pump was made 
under working conditions underground. The two rams were each 6| in. 
in diameter by 9 in. stroke, and driven at 400 strokes a minute by a geared 
electric motor of 75 H.P., making 500 revolutions a minute. The current 
actually supplied at the pump, loi amperes at 459 volts ; the water ()ressure 
on the delivery valves, 195 lbs. per square inch. 

Under these conditions 380 gals, of water were delivered a minute, or 
over 90 per cent, of the theoretical displacement ; while the efficiency of 
the pump and motor was 85 per cent, of the power supplied. 
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Standard Power-Driven Riedler Pumps, Single Differential 

Plunger. 



Gallons 




Diam. of 


Diam. of 






B.H.P. 


Suction 


Delivery 


..P*"" 


Head. 


Large 


Small 


Stroke. 


r.p.m. 


of Motor 


Pipe 


Pipe 


Minute. 




Plunger. 
Inches 


Plunger. 
Inches. 


Inches. 





Required. 


Diameter. 


Diameter. 




Feet. 




Inches. 


Inches. 


68 


300 


31 


• ■ • 


12 


150 


8 


4 


3 




600 


31 ■ 


• » • 


12 


,» 


15 


II 


II 




900 


3f 


2fi 


12 


>» 


22 


II 


II 




1,200 


3S 


2| 


12 


>» 


29 


II 


II 


100 


300 


A 

4Tff 


• • • 


12 


>, 


12 


4) 


3i 




600 


4r*. 


^ 


12 


M 


22 


II 


II 




900 


4i»« 


3} 


12 


»> 


32 


II 


l> 




1,200 


3}» 


2i 


16 


>» 


43 


II 


II 




I, SCO 


3H 


2| 


16 


1* 


53 


II 


II 


135 


300 


Si 


■ • • 


12 


J» 


15 


5 


4 




600 


Si 


3i 


12 


*> 


29 


II 


II 




900 


4i*, 


3i 


16 


II 


43 


II 


II 




1,200 


4tV 


3i 


16 


l« 


57 


II 


II 




I,50D 


4A 


3i 


16 


II 


71 


It 


II 


175 


300 


6^ 


4i 


12 


II 


20 


6 


4i 




6 


Si 


31 


16 


II 


38 


11 


II 




900 


Si 


3i 


16 


II 


56 


II 


II 




1,200 


Si 


3i 


16 


II 


74 


1,1 


1 f 




1,500 


Si 


31 


24 


120 


92 


II 


II 


265 


300 


68 


4i 


16 


150 


30 


7 


5 




600 


6§ 


4i 


16 


II 


58 


II 


II 




900 


Si 


4* 


24 


120 


85 


II 


II 




1,200 


si 


4* 


24 


II 


112 


II 


II 




1,500 


si 


4i 


24 


l» 


139 


»♦ 


11 


330 


300 


7i 


S 


16 


150 


37 


8 


S4 




600 


74 


S 


16 


II 


71 


II 


11 




900 


6i 


4i 


24 


120 


105 


II 


II 




1,200 


64 


4i 


24 


II 


139 


II 


»i 




1,500 


6i 


4l 


32 


90 


173 


II 


II 



The alx)ve table gives some of ihe sizes made by Messrs Fraser & Chalmers, sole 
manufacturers of this pump for Great Britain and the Colonies. 

The Multiple Ram Pump, placed horizontally or vertically, and 
driven by electricity, compressed air, or both, is extensively used for station 
pumping. Machine-cut spur gearing is interposed between the counter- 
shaft and crank-shaft from which the rams are driven, the ratio of gearing 
being four or five to one. In all station work, the height to which the 
water is to be raised is not divided into lifts, as in the Cornish system, but 
the capacity of the pump is proportioned to the power applied, so that the 
water is raised to surface at one lift. As the vertical height often exceeds 
a thousand feet, the pressures are severe, and the ram pattern is preferred 
to the piston, or double-acting type. To secure an even turning moment 
on the shaft, three rams are usually driven by cranks set at an angle of 
120° with each other. When arranged horizontally, the ram cases are 
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bolted directly to the base-plate carrying the shafting. This is shown in 
Fig. 39, an illustration of a treble ram pump, by the Sandycroft Foundry 
Company, Chester. The design permits easy access to all the working 
parts, especially the valves and packing glands. The horizontal arrange- 
ment occupies rather more room than the vertical, in which the ram cases 
are bolted to the base-plate, and the crank shaft carried by overhead 
girders supported on columns. 

The following table gives the sizes, capacities, and power required for 
varying lifts in some of the standard arrangements of treble ram pumps : — 



Diameter of plungers, in inches 


1 
3 


4 


4 


5 ' 


5 


6 ' 


Stroke, in inches . . . . 


4 


4 


6 


6 


8 


8 


Diameter of pipe connections, in 














inches — 














Delivery . . . . 


14 


2 


2 


3i 


34 


4 


Suction 


2 


2i 


2i 


34 


34 


4 


Diameter of pulleys, in inches . 


16x4 


18x4 


20x44 


26x5 


30x5 


33^^ 


Average revolutions of crank shaft, 


» 












per minute 


50 


50 


40 


40 , 


40 


40 


Gallons of water delivered, per minute 


- 14 


25 


30 


50 


66 


95 


Brake horse-power required at 5c 


) 












revolutions — 














Total lift, 50 ft. . 


0.31 


0.61 


0.74 


1. 16 


1.55 


2.22 


„ ,, 100 ,, . 






0.69 


1.23 


1.49 


2.32 


3.10 


4.44 


>« !♦ 150 »» 






1.04 


1.85 


2.23 


3.48 


4.65 


6.66 


,, ,, 200 ,, 






1.39 


2.47 


2.98 


4.64 


6.20 


8.88 


i, ij 250 »» 






1.74 


3-09 


3-72 


5.80 


7.75 


11.10 


>i .» 300 »» 






2.08 


3- 70 


4.47 


6.96 


930 


13-32 


'» »» 350 »« • 


2-43 


432 


5-21 


8.12 


10.85 


15-54 



The various forms of direct-acting pump are often used for this purpose, 
and when driven by steam, are compounded and fitted with condensers. 

Station pumps may also be operated by hydraulic power, either supplied 
through an accumulator, or directly from the pump at surface to that 
underground. In the latter case the pump underground keeps time and 
stroke with the motor at surface, the hydraulic supply circulating between 
the two, and requiring an up and down pipe for the purpose. Very little 
use is made of hydraulic power in mining, probably because, unlike 
electricity and compressed air, it is not readily applicable to purposes 
other than pumping. 

In mountainous districts it is often possible to obtain a supply of water 
at high pressure for a very moderate outlay, and a jet is capable of raising 
water without the intervention of any pumps. The arrangement is on the 
principle of the injector, the hydraulic supply is piped beneath the water to 
be pumped, and a jet directed vertically into the open foot of the delivery 
column. Unfortunately this simple plan cannot drain a shaft or winze to 
the bottom, though the deepest level in the mine may be drained in this 
way, provided there is a good sump below it. At the Colmstock Mine the 
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jet used is i } in. in diameter, and issues under a pressure of 870 lbs. per 
square inch at a velocity of 340 ft. per second. Under these conditions 
a hydraulic supply of 1,450 gallons a minute raises 2,600 gallons of mine 
water a height of nearly 200 ft. Without increasing the pressure, a much 
greater lift could be made with a corresponding diminution in the quantity 
lifted. The intake and jet are situated 70 ft. below the surface of the 
water to be pumped. This depth is not essential to the working of the 
process, but serves to check the vibration caused by high pressures. 

Air Lift. — Compressed air offers another means of raising water 
without the use of a pump, but here again the intake must be well silb- 
merged, as the principle involved is that a column of mixed air and water 
is lighter than an equal column of water only. The inlet being lowered 
about 20 ft. below the water to be raised, compressed air is admitted at 
the bottom by a pipe which may be either inside or outside the rising 
main. The submerged 20 ft. of pipe becomes filled with mixed air and 
water, and is forced upwards by the greater weight of the unmixed water 
outside the delivery pipe. About 70 ft. is the limit for one lift, the exact 
height depending on the air pressure and the submersion of the intake. 
Naturally the quantity of water delivered with any given air pressure 
decreases as the height of lift is increased, but the whole arrangement is so 
simple as to be worthy of more extensive use. There are no moving parts, 
and consequently no wear, even when dealing with gritty water ; no special 
jets are required, the whole thing can be made from a few lengths of 
piping, and the cost of the compressed air used is often less than ^d. per 
thousand gallons of water raised. 



Direct-Acting Pumps. 

Direct-acting pumps may be divided into two classes, according as the 
steam valve is positive or not positive in its action. Positive pumps are 
fitted with a cranio shaft and flywheel, and the valve is worked by an 
eccentric in the usual way. On account of their extra weight and space 
occupied, they are seldom used for any purpose but boiler feeding. 

In non-positive pumps the valves are actuated by the same motive 
power, steam or compressed air, that works the pump ; they are held in 
stock at most mining centres, and are therefore easily obtainable. They 
are light, portable, easily and quickly erected, will work in almost any 
position, and require no special foundations. These advantages render 
them particularly suitable for preliminary work and temporary use ; under 
other conditions a more economical type might be desirable. 

They may be worked by steam or compressed air ; the latter is more 
searching, and requires a pump in thorough order and adjustment. When 
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Steam is used, condensed water assists in keeping the working surfaces 
tight, while air gives no such assistance. Hence it follows that a pump 
may work under steam which will not be satisfactory under air pressure. 

Their steam consumption is considerable because, ( i ) there is no period 
of expansion in the stroke, full steam pressure being on until the exhaust 
is opened ; (2) as the length of stroke is not regulated by a crank, its 
variable length necessitates ample clearance at the cylinder ends : (3) 
they are generally run with wet steam and under most disadvantageous 
conditions. 

In addition to its innate shortcomings, this pump is often unfairly 
treated, being run at its highest speed and allowed to work for long 
intervals at this rate with a minimum of attention and lubrication. Then 
again, it is blamed for not doing impossibilities. Being a pump it is con- 
sidered capable of lifting to any height anything that will flow through a 
pipe; and a low service pump, with steam and water cylinders nearly 
equal in diameter, is condemned because it does not raise water 200 ft. with 
steam that was 60 lbs. at the boiler, a quarter of a mile away. Or it may 
be condemned because not adapted to the particular work required of it, 
as was the case with a certain Duplex pump, which had no packing in the 
water end, only brass plungers working through bored bushes. This 
arrangement answered so well, and required so little attention at surface 
that the pump was given the post of honour, sent underground, and used 
for shaft sinking. Under the altered conditions it became a constant 
source of worry and delay, the gritty water cut the plungers and bushes to 
pieces in twelve days, and their life never exceeded a fortnight. 

Selecting^ a Pump. — In selecting a pump for any particular duty the 
diameter of the steam and water cylinders must be in proportion to the lift 
required and working pressure available. The two ends of the pump form 
an equation as it were, and the area of the steam cylinder multiplied by the 
working pressure must equal the area of the water piston multiplied by the 
water pressure. It may be worth while to take an example and run through 
the figures to see how these sizes are determined. 

Suppose it is required to raise 10,000 gals, of water an hour a vertical 
height of 462 ft., the working pressure on the steam piston being 60 lbs. 
per square inch. In the first place, to provide for slip and contingencies, 
we add 30 per cent, to the quantity of water to be raised, and provide a 
total of 13,000 gals, per hour, or 217 gals, a minute. 

This will require a displacement of 60,967.59 cub. in. ; if the pump is 
to run at the rate of 50 strokes a minute, there must be a displacement of 
1203-35 cub. in. per stroke; and if the pumping stroke is to be 18 in., 
then 1203.35 divided by 18 gives 66.85 sq. in. as the area of the pump 
piston. This means a diameter of 9^^^^ in., so we fix on 9^ in. as the size 
of our plungers. 
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The pressure due to a column of water 462 ft. high will be 200 lbs on 
the square inch, and this multiplied by the area of the plunger (66.85 sq. 
in.) gives a total resistance of 13,370 lbs. to be overcome by the steam 
piston. As the steam pressure is 60 lbs., we get 13,370 divided by 60, or 
223 sq. in., as the area of the steam piston ; this corresponds to a diameter 
of 16 in., but to overcome the water friction in pipes and passages, an i8-in. 
steam cylinder would be provided. 

When dealing with gritty water, the plunger, or ram, pattern is pre- 
ferable ; the packing is then external, any leakage visible, and can be 
rectified while the pump is running. This type is, however, heavier than 
a double-acting pump of equal capacity. 

When a piston pump is used on gritty water, packing lasts longer than 
cup leathers, but causes more wear in the working barrel, as particles of 
grit become embedded in the fibrous packing. The water cylinder should 
therefore be fitted with a removable lining, not a practically irremovable 
one, forced into its place by screws or hydraulic power, but fitted with 
flanges at the end and bolted into position. 

It must be noted that, on account of the unbalanced weight of the 
steam valves, some of these pumps only work well in the position for which 
they were designed ; a horizontal pump may not be satisfactory if hung 
vertically, and via versd. Those in which the steam valves are partly 
actuated by the movement of the piston rod lend themselves more readily 
to alterations of position than others having valves actuated solely by steam 
or air. 

If clean water only is being handled, metal to metal faced valves and 
seats answer very well, but for underground work a yielding face is required, 
such as leather and the many forms of rubber ; in every case these facings 
should be renewable without special appliances. 

A pump with a long working stroke should always be chosen ; under 
given conditions the life of the pump depends on the length of its stroke. 

Fixing^ the Pump. — All these pumps should be fixed as closely as 
possible to the water they are to lift; theoretically it may make no difference 
whether the water is forced up the delivery or drawn up the suction, in 
practice it does. In extreme cases water may be drawn from 27 or 28 ft. 
below the suction inlet ; still it is always advisable to have the suction pipes 
as short and direct as possible. Many of these pumps will work in any 
position, and may even be hung by chains in the shaft ; when possible they 
should be bolted down to a timber bearer, and being in this way raised a 
foot or more from the ground, they are out of the dirt and more accessible. 
If used for sinking, they are placed on a platform or sollar, and thus pro- 
tected from flying stones when blasting ; the armoured suction hose is 
removed when the holes are ready for firing. In making the water con- 
nections, all elbows, trees, and quick turns should be avoided. The suction 
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pip>e must not be smaller and may with advantage be larger than the inlet 
on the pump ; its lower end should be protected by a strainer, and provided 
with a foot valve if pumping from a sump. 

No additional load is thrown on the pump by increasing the size of the 
delivery pipe, and friction will be avoided by using a pipe a size larger than 
the outlet calls for. An air vessel affords an elastic cushion and protects 
the pump from shock at the end of the stroke ; if not provided with the 
pump, it is easily arranged for by screwing a closed pipe into a tee inserted 
at the foot of th^ column. 

In steam actuated pumps provision for draining off condensed water 
must be made at the foot of the steam and exhaust pipes, and the former 
must be as efficiently protected as circumstances permit. One of the 
simplest plans is to place the steam pipe within another pipe of 2 or 3 in. 
greater diameter ; then if the centre pipe is kept approximately in the 
middle of the outer one, and the space between them closed at each end, 
the steam pipe is not only protected from wet, but the air space between 
the two is a capital non-conductor of heat. When protected in this way, 
steam may be carried for thousands of feet. The plan is best suited to 
vertical pipes, horizontal ones are laid in a trough and packed around with 
some non-conducting substance. 

The expansion of pipes under steam is about half an inch in 50 ft., 
but as the pipes are seldom rigidly connected at both ends, no special 
provision is called for. All long runs of piping in mine shafts must be 
stayed at intervals of about 40 or 50 ft., as a precaution against vibra- 
tion caused by the intermittent action of the pump ; this applies also to 
delivery pipes, which are affected by the pulsating current within. The 
exhaust from the pump, when steam is used, is piped to surface ; even when 
condensed it seriously increases the temperature around the pump. 



Particulars of Pumps. 

Fig. 40 illustrates the valve gear of the well-known Tangye pump ; the 
slide valve n is carried longitudinally on its face by the piston valve c, the 
spaces L at the ends of this piston valve being in communication with 
the steam supply. The action is as follows: — As the main piston approaches 
the end of its stroke, it lifts a tappet valve f, allowing the steam from the 
si^ace L to exhaust through the small pipe j, to the exhaust end of the main 
cylinder. The piston c is now no longer in equilibrium, and is moved by 
the steam pressure on its opposite end, carrying with it the main slide, and 
reversing the stroke of the main piston. 

As the reversal is effected entirely by steam pressure, the form shown 
in the illustration is not suitable for a vertical position ; but those patterns 
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'in which the valve pislon is at right angles to the main piston work equally 
well in either position. 

The water end is fitted with two suction and two delivery valves arranged 
in pairs, Che delivery being above the suction and working on the same 



spindles, each valve heing controlled by a rubber buffer spring. These 
pumps are made in a large variety of sizes, and, with various types and 
arrangements of water valves, are easily obtainable in almost every part of 
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The Knowles Pump has a steam 
valve actuated by an arm on the piston rod, 
which rocks a lever, one end of this lever 
being connected with the valve spindle ; the 
rocking motion thus imparted to the piston 
valve places its ports in the position for 
reversal. At the end of each stroke the 
piston arm meets collars on the valve spindle, 
and the longitudinal motion given to the 
valve ensures the reversal of the main piston 
and prevents it from striking the cylinder 
cover. This pump does not stick even at 
low speeds, it reverses quietly, wiih almost 
a pause at the end of each stroke ; the action 
is reliable, and it is ns economical as this 
form of pump can be. 

The Duplex Pump consists of a pair 
of pumps, placed side by side, each actuating 
the slide valve of the other by rocking levers 
worked from the piston rod. Its action may 
be considered as semi positive, being positive 
as long as both pumps are in order ; but it 
is evident that, if the load is lost on one side, 
that side tends to move more rapidly, and 
cuts off the steam from its companion long *''*'"'" 
before the stroke is completed. When com- 
pared with single pumps of equal capacity, 
the Duplex are heavier, occupy more room, 
and have twice the number of wearing and 
moving parts. The water ends are made in 
many patterns, single and double plungers 
being fitted aswell as packed pistons; for high 
lifts, each valve is placed in a separate box. 

In the Cornish Steam Pumps made 
by J. Evans & Sons, Wolverhampton, the '^'JJ 
slide valve is carried by a hollow pision 
valve ; within this piston lies a second, which s,xii. 
governs the movemenis of the piston valve '"" 
SUrtounding it. As the pump piston ap- 
proaches one end of its stroke, it uncovers 
ports admitting steam from within the 
cylinder to one end of the inner piston valve ; 
this valve, in its movement, opens ports con- 



— Evans's Sliaight-line Sinkii^ Pump. 
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necting with the main piston valve, and thus reverses the pump. There are 
in addition some special features worthy of notice; the main ports are 
placed level with the bottom of the cylinder bore, enabling the cylinder to 
be completely drained at each stroke when the pump is working horizontally. 
The absence of all external and unprotected gear is also a point in their 
favour. In common with other pumps having a compound reversal, or 
reversal effected by two separate motions, there is less jar and shock at the 
ends of the strokes, the action is smooth and wear diminished. When re- 
quired, a condenser connected to the suction can be supplied ; this arrange- 
ment obviates the need of long exhaust pipes in underground work. 

The water ends contain packed pistons, plungers or double plungers, 
the two latter forms being preferred for lifts exceeding 300 ft. 

P'ig. 41 illustrates the Evans Straight-line pattern pump for shaft 
sinking; it is suitable for heads of 600 ft. and steam pressures of 100 lbs. 
It will be noticed there is entire absence of all external gear likely to be 
damaged in the rough handling to which these machines are subjected. 
All parts may be easily examined without any unnecessary disconnections, 
and the whole pump can be suspended from the bridle chains attached 
to bolts passing through the cylinder flanges. 



Particulars of Stock Patterns of thb: Straight-Line Sinking Pump 
suitable for 600 ft., illustrated in Fig. 41. The ** displacement of ram" 
column refers to the difference in diameter of the two parts of the ram. 



Bore of 

.Steam 

Cylinder. 


1 

Displace- 
ment of 
Ram. 

Inch&s. 


Stroke. 
Inches. 


Delivery 
Outlet. 

Inches. 


Suction 
Inlet 

Inches. 


Steam 
Inlet 

Inches. 


Exhaust. 
Inches. 


ApproxN 

mate 
Weight. 

Cwt. 


Gallons per 
Hour, at 

100 Feet per 
Minute. 


On 50 Lbs. 
Steam, 
Water 

Raised to 


Inches. 


Feel. 


5 


3 


12 


2J 


3 


1 


I 


8f 


1,830 


212 


6 


3 


12 


2h 


3 


i 


I 


9 


1,830 


300 


6 


4 


12 


3 


4 


i 


I 


124 


3,260 


172 


7 


3 


12 


2i 


3 


I: 


14 


94 


1,830 


420 


7 


4 


12 


3 


4 


1} 


14 


13 


3,260 


234 


8 


3 


12 


2i 


3 


i| 


14 


10 


1,830 


545 


8 


4 


12 


3 


4 


li 


14 


134 


3.260 


300 


8 


5 


12 


3i 


5 


U 


14 


194 


5, 100 


196 


9 


4 


12 


3 


4 


14 


2 


14 


3,260 


390 


9 


5 


12 


3i 


5 


14 


2 


20 


5, 100 


248 


10 


4 


12 


3 


4 


a 


2 


154 


3»26o 


480 


10 


5 


12 


3h 


5 


4 


2 


214 


5,100 


300 


10 


6 


12 


4* 


6 


H 


2 


31 


7,340 


212 


12 


S 


24 


3i 


5 


2 


2i 


30 


5, 100 


440 


12 


7 


24 


5 


7 


2 


24 


50 


9,990 


225 


14 


5 


24 


3h 


5 


2i 


3 


34 


S,ioo 


600 


14 


8 


24 


6 


8 


24 


3 


68 


13,050 


234 


16 


8 


?4 


6 


8 


24 


3 


70 


13,050 


300 


18 


8 


24 


6 


8 


24 


3 


73 


13.050 


390 


20 


7 


24 


5 


7 


3 


3^ 


64 


9,990 


600 


20 


10 


24 


^ 


10 


3 


3i 


107 


20,400 


300 
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It would take up too much space to refer in detail to all the forms 
and varieties of direct-acting pump, but there is, or used to be, one made 
in U.S.A. in which the valves were excellently arranged for mining work. 
The pump was known as the " Niagara," and the four water valves were 
placed in a chamber closed at each end by a circular door; these doors 
were mainly kept in position by a bolt passing through their centres, and 
in the smaller sizes all four valves were actually accessible by slacking up 
this one bolt. 

The rectangular opening in which each valve worked extended right 
across the valve chamber, a rectangular slot in the bottom of each opening 
forming the water way. The brass valves were hollow squares in section, 
for medium size pumps being about 7 in. long by 3 in. square; each 
valve thus afforded four separate beats or wearing surfaces, and if one was 
damaged, it was only necessary to take the valve out and turn it round. 
For dealing with dirty or gritty water, the valves were faced with rubber ; 
while when no spare valves were available, pieces of hard wood answered 
equally well. By removing both covers from the valve chamber, a file 
could be passed right through, and damaged seatings refaced; in fact, 
the water end bristled with so many good points that it is curious no 
English maker has ever worked on the same lines. 

Adjustments. — All these pumps, having a non-positive valve motion, 
are liable to become tricky and uncertain in their action after having seen 
considerable service; the weak spot is usually easily found, in fact the 
simplest causes are often the most difficult to detect. This was the case 
with the Tangye pump, which refused to reverse, and puzzled many 
engineers, until it was accidentally discovered that some one had screwed 
a drain cock half a thread too far into the cylinder, and so prevented the 
piston from moving far enough to lift the tappet valve. 

Usually the water end is at fault, perhaps the pump will not take its 
water ; it is well to remember that a water pump in perfect condition is 
not an air pump, and on account of its large passages and clearance 
spaces, it may be unal)le to exhaust the air to the required extent. The 
remedy is, to displace the air by priming, or filling the barrel and valve 
boxes with water; a foot valve will be found an assistance in this respect, 
as it enables the suction pipe to be primed. 

The water valves may be stuck to their seatings, and require easing 
and cleaning; or they may be prevented from closing by grit, dirt, or 
chips ; their faces may be cut or damaged so as to be no longer water 
tight when on their seats. 

The tightness of the valves may be tested by pouring water into the 
valve boxes, but while apparently tight they may still leak under pressure. 
When taking water from a considerable depth, minute leaks in the suction 
pipe may gradually destroy the vacuum and make the pump lose its water. 
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These leaks are impossible to locate and are only known by their effect ; 
the only remedy is to change the suction entirely, or coat it thickly with 
tar. Rubber suction hoses are often offenders in this respect : in tropical 
countries the rubber deteriorates and becomes porous to a certain degree. 

The strength of the springs on a valve of any particular size should be 
proportioned to the lift and the speed of the pump ; excessive shock at 
the end of each stroke indicates weak springs, or too great a valve lift. 

The water piston should be a parallel, not a coned fit, on the rod, and 
the nut securing it to the rod should not serve also to hold the follower 
ring, though this may be contrary to usual practice. This packing will, 
in any case, recjuire frequent renewal, and in tightening up the main nut 
there is nothing to pre- 
vent the rod from going 
round. Accordingly, 
the exposed part of 
the rod between the 
cylinders is gripped 
with the nearest pipe 
tongs, and that is the 
beginning of the end 
of the pump. 

Fig. 42 shows a 
packed piston with 
ring held indepen- 
dently of the main 
rod nut. 

If the follower ring 
is removed and the 
pump allowed to work 
a few strokes, the old 
packing will be thrown 
out. The new material 
should be cut into 

lengths making snugly fitting rings when pressed into the pump barrel. 
Many square rubber-cored packings are made for the purpose, plaited 
hemp gasket will do, but few stand so long as the Garlock packing, made 
in Chicago. 

When cup leathers are used, either a constant supply must be arranged 
for, or a quantity ordered at a time ; as neither of these plans is free from 
defects, they are often made at the mine. The moulds, of which there 
should be at least a pair to every pump, may be made of any tough hard 
wood. Fig. 43 shows metal moulds, the dotted lines indicating the 
position when tightened up. The mould x should be bored slightly taper, 
about yy ill a depth of i J in., the diameter at half the depth of the ring 

H 




Fig. 42. — Packed Water Piston. 
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being equal to the bore of the pump, the upper edge well rounded off. 
The die a is turned to a diameter corresponding with the smallest bore of 
the mould x, less twice the thickness of the leather to be used. Lower 
edge to be well rounded off, as shown. 

In making cup leathers, the material, which should be of best quality 
and even thickness, is first cut into circular pieces slightly exceeding the 
bore of the pump, plus twice the depth of the cup when finished. Each 
piece of leather is now thoroughly soaked and worked in hot water, and 
while still hot and wet, a mixture of oil and tallow is rubbed on and 
allowed to soak in for a day or two. Before being placed in the mould, 
the leather should again be softened with warm water. Lubricate the 
mould with beeswax, tallow, or soap, and after screwing up, allow the 
mould to remain a few days in a warm dry place. When the leather has 
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Fig. 43. — Mould for Cup Leathers. 



hardened, the upper edge is trimmed off level with the top of the mould, 
and after removal, the inner edge of the cup is bevelled outwards (see 
Fig. 44), and the bottom hole enlarged to fit the pump piston. 

Leathers so made will outlast most imported ones. The complete 
piston is shown in Fig. 44 ; it is of the utmost importance that the centre 
ring B is well hollowed out to support the back of the cup leather. 

Adjustment— Steam End.— If the joints at the water end are 
tight, the valves, pistons, and plungers free from leakage, the trouble 
probably lies at the steam end ; though the pump may refuse to move if 
the suction pipe is choked, or the strainer buried in mud. 

At the steam end the reversing mechanism is usually the weak point. 
In the Tangye, flats are worn on the ends of the tappet valves, where they 
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project into the cylinder and are rubbed by the piston. These ends 
should be rounded up with a file and slightly hardened. When replacing 
the valve, grind it in, to make sure it is steam light. When on their seats 
the points should project about ^ of an inch into the cylinder bore. It 
may be the stems are too short and the lift insufficient ; in this case new 
valves are necessary, though a careful smith can often lengthen the three- 
cornered part of the spill and give the valve a new life. 

Piston valves cannot be tightened, as they are not fitted with spring 
rings ; but then the wear is very light, almost inappreciable in fact, and 
they last as long as the other parts. In case of accident, a new valve 
chest and valve can be obtained, as all respectable pumps are made to 
gauge and template. 

Owing to irregular 
lubrication, wet steam, 
and standing idle at 
times, flat valve faces 
are subject to consider- 
able deterioration, and 
require refacing pretty 
frequently, once a year 
at least. The valve's 
condition may be tested 
by placing it at half 
stroke and seeing if 
steam issues through the 
cylinder drain cocks. 

To set the slide 
valves of Duplex pumps, 
both pistons should be 
placed at the centre of 
their strokes, indicated 
approximately by the 
position of the valve 
levers ; and the slide valves are adjusted on their spills until they overlap 
the steam ports equally at each end. A certain amount of play is often 
intentionally allowed between the valve and its spindle, and if this is 
taken up, the working stroke of the pump is shortened. 

The tightness of the piston may be tested by admitting steam on one 
side and opening a drain cock on the other. When fitting new rings, it is 
well to remember many pumps have separate ports for steam and exhaust. 
The piston rings have to travel across the exhaust ports, and in placing 
them in the piston, care must be taken their open ends are not in line 
with these ports, or a plentiful crop of broken rings may result. 
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Fig. 44. — Pump Piston wilh Cup Leathers. 
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Tailings Pumps. — Although pumps may be used for the purpose 
of raising tailings, the process cannot be considered an economical one, 
unless the battery water is also required at a higher elevation. To be 
successfully dealt with in this way, the tailings must be in a state of very 
thin pulp, and the quantity of water pumped is necessarily large in pro- 
portion to the tailings raised. 

These pumps, as a rule, deal with the pulp as it leaves the amalgamat- 
ing tables ; the tailings being raised for re-treatment, and the water to be 
again used in the battery. The plunger type is always preferred, and they 
are usually arranged in pairs, so that the constant delivery prevents sand 
from settling in the valve boxes and passages. Jets of clean water, 
admitted beneath the stuffing-box, prevent the sand from embedding 
itself in the packing and scoring the plungers. The valves have narrow 
beats and work on risers. Hinged valves are troublesome, as the sand 
accumulates under the hinge and prevents the valve from closing fairly on 
its seat. 

Centrifugal Pumps. — These are largely used in cyanide and 
battery work. The water is lifted by the centrifugal action of revolving 
vanes and no valves are required, though a foot valve is often placed at the 
end of the suction pipe. In some patterns the suction and delivery branches 
stand at a fixed angle, while in others they can be turned round on the 
pump casing to the angle required. In the same way the suction is some- 
times balanced, the supply being drawn in on each side of the casing ; 
the object of this arrangement being to avoid the end thrust caused when 
the suction is on one side only. The speed of the water in the pipes 
is from 5 to 7 ft. a second, and the pump vanes revolve at a high speed, 
the actual speed depending on the height of the lift and the quantity of 
water to be raised. 

In a pump of any given efficiency, the work done is in direct propor- 
tion to the driving power, and the same pump at the same speed will 
deliver a large quantity of water at a low lift, or a smaller quantity at a 
higher lift. The maximum lift is about 50 ft., it does not usually exceed 
25 or 30 ft. ; but by connecting several of these pumps in series, the dis- 
charge of the first becoming the suction of the second, and so on, lifts up 
to 1,000 feet can be arranged for. When clean water is pumped, the wear 
is very slight, but gritty water from settling pits soon increases the clear- 
ance of the vanes, and the efficiency falls off. For this class of work the 
pump body can be fitted with renewable liners. 
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Centrifugal Pumps. 



Diameter of pipes, in inches . 
Diameter of pulley, in inches 
Weight, in cwt. . 
Gallons, per minute 
H. P. , per foot of lift . 



3 


4 


5 


6 


7 


1 

8 i 


4 


5 


6 


7 


8 


9 


. 2} 


3 


3i 


5 


7 


7h 


• 90 


160 


280 


400 


550 


750 


0.05 

1 


0.09 


0.16 


0.22 


0.31 


0.42 



Donkey Pumps. — Even when the feed is supplied by a pump driven 
by the main engine, a donkey is required in reserve, for use in emergency 
and when the engine is idle. The ram type is preferred for this purpose, 
and for pressures up to 100 lbs. per square inch, the vertical pattern, with 
inverted cylinder, crank and flywheel, is generally used. The following 
table gives the sizes and capacities of Cameron pumps of this type : — 



Cameron Pumps, with Single Cylinder and Single- Acting Ram. 



Diameter of cylinder, in inches 
Diameter of ram, in inches 
Stroke, in inches • 

Gallons per hour, approximate 



5 


5 


6 


7 


7 


7 


8* 


3 


3h 


3i 


4 


4j 


5 


6 


5 


5 


5 


6 


6 


6 


8 


670 


900 


900 


1,250 

1 


1,600 


2,OOD 


3,200 




_ 













Cameron Pump, with two Cylinders and two Single- 

Acting Rams. 



Diameter of cylinder, inches 5 5 7 7 7 8i 9 ' 12 

Diameter of rams, in inches ' 3 ' 3i 4 4^ 5 , ^ 7 ^ 

Stroke, in inches . .5 5|6 6j688 9 

Gals, per hour, approximate 1,300 1,800 2,500 3,200 4,000 6,400 > 8,800 11,500 



For high steam pressures and large installations, the direct-acting pump 
is preferred ; having neither crank nor dead centre, it possesses a wider 
range of speed than the rotating pattern, and can be run at the lowest 
rate without danger of stopping. Another advantage, due to the non- 
rotating action, is that a good length of stroke may be secured within 
moderate over all dimensions. The table on page 119, and Fig. 45, refer to 
the Evans* "beam" pump, a direct-acting type in which the steam cylinders 
are compounded, and suction and delivery branches provided on each 
side of the water end. The capacities given are based on fifty single 
strokes of each ram per minute : — 



eiclie' !i5e 




■ COMPOUwo Boiler Feed Pump- 
(EvsNS' Patent) — 



Yli:. 45, — Kvani's " Heain '' Compouml Feed Pump. 
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Diameter of high-pressure cylinder, 
in inches 

Diameter of low-pressure cylinder, 
in inches .... 

Diameter of rams, in inches 

Suction and delivery, in inches 

Steam inlet, in inches . 

Exhaust, in inches 

Gallons per hour . 



7 

3i 

2 

i 
14 



9 

44 

24 

4 

14 



930 1 1,540 



10 

54 
3 

I 

2 

3,080 



12 
64 

34 

i 

2 

4,300 



8 

14 
74 
4 
I 

24 

5.730 



16 
84 

5 

I 

24 
7,360 



10 

18 

9h 
6 

il 

3 
9,180 



Steam Pumps — General. — It cannot be too clearly understood 
that the pump should, in every case, be of ample capacity for the work 
required. A small pump, racked to its utmost limit, is more than usually 
wasteful in steam, is constantly giving out, and before its short life is over, 
has been an utter nuisance to all who have had to deal with it. 

How different the slow powerful stroke of the pump working well 
within its capacity ; the water passes quietly through its passages, noise 
and wear are reduced to a minimum, it lasts longer, works more economic- 
ally, and as the Cornish miner said, " goes on pumping and says nothing 
to nobody." 

No matter how small the pump (in fact, the smaller, the more necessary 
it becomes), let it be raised to a convenient and accessible height above 
the ground or floor level. 

Let the patterns and sizes in use throughout the mine be, as far as 
possible, identical ; time is wasted when connections require alteration 
each time a pump is changed, and when such work is taken in hand, no 
one is quite sure when it will be finished. If this plan is adopted, a spare 
pump may be kept, either under repair or ready for work in either of several 
situations. 

The machine tools with which each mine is equipped enable such 
thorough overhauling and repair to be made, that, as far as working 
surfaces are concerned, the pump is again new. 

The piston rods and rams can be turned up, new bushings and glands 
being provided to suit their slightly decreased diameters, all steam and 
water valves and their seatings refaced, and wear taken up in the joints 
and connections of the valve motion. 
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CHAPTER VIII. 

WINDING MACHINERY, 

Winding Engines, Arrangement — Portable Types for Underground Use — Combined 
Pumping and Winding Engines — Geared Engines — Setting Foundations — Direct- 
acting Engines — Ropes — Shackles — Splicing — Kibbles — Cages — Skips — Headgears 
— Table of Inclines. 

Steam, electricity, compressed air and water, furnish the motive power 
for hoisting purposes ; it is scarcely necessary to include the windlasses 
and horse-whims used in the early days of the prospecting stage. In all 
cases economy in motive power is of secondary importance, and complex 
gear out of place in engines intended for this purpose ; the requirements 
approach those of locomotive practice, reliability and handiness being the 
essential features. It is, therefore, only in special engines designed for 
deep winding that expansion gear is provided, cylinders compounded, or 
condensers added. 

The general requirements have been embodied in patterns which may 
be considered standardised, and a dozen engines of the same design will 
work equally well, and be equally suitable for their work, in a dozen 
different parts of the world. 

The engine must, in every case, be sufficiently powerful to thoroughly 
control the load attached to it, and must itself be completely under control 
of the dtiver ; such conditions maybe fulfilled, and yet permit consider- 
able variation in detail and even in general arrangement. Should the 
engine be intended for underground work, compactness is essential ; but 
space is cheap at surface, and nothing is gained by crowding the working 
parts together. For instance, when the drums are placed in front of, 
instead of over, the cylinders, the valve gear is more accessible, the driver's 
view less obstructed, and there is less danger of loose coils of rope 
becoming entangled in the gearing ; even in underground engines, when 
space can be spared, the arrangement permits a greatly increased radius 
in which the rope may leave the drum. 

The motive power required is in proportion to the gross load and hoist- 
ing speed, the gross load being the weight of the unbalanced part of the 
rope and everything attached to the rope. The speed is evidently a factor 
as the weight in pounds multiplied by the feet it is raised per minute is the 
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useful work performed by the motor, expressed in foot-pounds. It may 
be noted that the depth of the shaft is not taken into consideration ; but 
for the few additional hundredweights of unbalanced rope, no more power 
is required to raise a given load loo ft. at any depth in the shaft. As the 
shaft increases in depth a larger hoist is installed, not because the old one 
was not powerful enough to lift the load, but because it could not do so at 
the greater speed necessitated by the increased depth. 

Practically all winding engines are furnished with two cylinders with 
cranks at right angles to each other, so that they may start readily from any 
position ; the controlling levers should be not only within reach, but within 
easy reach of the driver. In a colliery engine, a driver need not rise from 
his chair, and on metalliferous mines a man with such responsible duties 
might receive more consideration in the arrangement of these details. 
He should be able to reach the handles without stooping, or stretching 
his arms above his head ; in foot-operated brakes the pedals should be 
placed where his feet would naturally be when standing at the handles. 
The driver's position is an important element in his day's work ; as a 
rule he is not an acrobat, and possesses only the average number of 
hands. 

Only on exceptionally deep mines are the drums mounted directly on 
the crank shaft ; as a rule they are driven by gearing and make about one 
revolution to four of the engine ; their dimensions should be sufficient to 
carry the required length of rope without any overlapping of the coils. In 
small engines they are mounted on side frames above the cylinders, an 
arrangement saving some space but open to objections already alluded 
to. By connecting one rope to its upper, and the other to its lower surface, 
one drum may be made to command two winding compartments ; this 
arrangement answers very well when most of the hoisting is from one level, 
but necessitates disconnecting one cage each time an alteration in depth is 
made. When hoisting from only one compartment, a saving will be effected 
in the wear of the engine if the drum can be disconnected by a clutch and 
lowered by the brake. In double drum engines fitted with clutch gear, the 
balancing effect of the descending load need not be sacrificed, while alter- 
nate loads may be taken from different depths, or each drum used indepen- 
dently when required. 

Separate brakes are fitted to each drum and consist of a wrought-iron strap 
lined with wood, or posts on opposite sides of the drum ; band brakes 
should be suspended by a spring or balance arrangement, so that they do 
not hang on the rim. Brakes are always operated by a pedal action, 
leaving the driver's hands free for the steam and reversing levers. 

The indicator should be positively driven by worm or tooth gear, 
and its divisions plainly visible from the driver's place ; as an additional 
safeguard, it is advisable to give the driver a clear view of the shaft 
brace. 
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The smallest winding engines found on a gold-mine are ihe air-driven 
winches used for temporary purposes underground ; they are of great assist- 
ance in Hinze sinking, enabling the debris to be cleared and work quickly 
resumed after blasting. In all wet winzes the water seriously retards the 
rale of sinking, being sometimes more than the hand windlass can deal 
with, and in any case adding considerably to the labour required. When 



Fn-.. 46. — llolman's Patcm PnrtaMe Uiidei^r'Hind Hoist. 

(he question of installing an air winch arises, it is often urged that, by 
the time the chamber is cut and bearers fixed, the sinking will be 
completed. 

This difficulty is overcome in the portable hoist patented by Messrs Hol- 
man Brothers, Camborne, and illustrated in Fig. 46, in which foundations, 
in the usual sense of the word, are entirely dispensed with. The complete 
machine can be taken anywhere in an ordinary mine truck, and is simply 
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clamped to a common rock drill column, requiring no further support. It 
can be placed wherever a rock drill can be fixed, works equally well in any 
position, and if fitted immediately over the winze, the rope may lead from 
the drum direct to the bucket, without passing over any intermediate pulley. 
The idea is such a happy inspiration, and so completely fills, all tem- 
porary requirements, that one can only wonder why it was not thought 
of before. 

The same makers also have a line of double-cylinder winches, mounted 
on box-beds and steel A frames, suitable for underground work or the 
earlier stages of shaft sinking ; a pumping crank can be added if required. 
Particulars are given below. 



HoLMAN Prospfxting Hoisting Engines. 



Cylinder Dimensions. 


Drum Dimension*;. 


Approximate Weight. 


Size of Bedplate. 


1 • 
4 »n. X 51 in. 


8 in. X 12 in. 


1 

9 cwt. 


I ft. 1 1 in. X I ft. 7 in. 


5 ., X 7 M 

6 „ X 8 „ 
8 „ XIO „ 


12 „ X 16 ,, 

15 „ X20 ,, 

30 M X 30 M 


20 „ 
70 ,. 


2 »» 2 ,, X 2 ,, 2 ,, 

3 „ 6 „ X2 ,, 6 ,, 
6 ,, „ x3 ,, 6 ,, 



A steam hoist with a pair of cylinders, each 6 in. diameter by 10 in. 
stroke, is the smallest size erected at surface ; the cylinders are horizontal, 
in some cases inclined upwards. Wrought-iron framing is generally used, as 
saving weight in transport, but is seldom sufficiently rigid for any but the 
horizontal patterns. A considerable output is possible with these small 
hoists, with a working load of only 10 cwt. ; in the early days of the Mysore 
Mine monthly returns of 2,000 ounces of gold were made, all the quartz 
being hoisted by an engine of this size, steamed by a small vertical 
boiler. 

Fig. 47 shows an exceptionally useful arrangement, suitable for both 
hoisting and hauling, on account of the large arc in which the rope may 
leave the drum. This is a feature of some importance, as when the depth 
exceeds 300 ft. and the winding speed becomes too slow, such engines have 
a further career of usefulness in the mine or at incline haulage. The 
handles are brought well together, and the drums may be of wrought iron 
when transport is a consideration. 

The following table gives an idea of the sizes of winding engines in 
general use, and their working loads when lifting at 500 ft. a minute ; this 
does not mean starting the load at a depth of 500 ft. and delivering; it at 
surface in a minute, allowance must be made for time occupied in accele- 
rating at starting, and slowing up nt surface. 
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Winding Engines. 



1 

DimenMons of Cylinders, in inches 8 x 12 
Drum, in feet . . . • 5x ij 

Working Load, in cwt. . . 15 

1 


9x 16 

5x li 
20 


10 X 18 
6x1^ 

25 


1 

I2X ig 
6x2 

35 


14 X20 

7jx 2 

55 

1 
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Fu;. 47. — 6-in. l)y lo-in. Hoist, for Winding and Hauling. 
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In preliminary work, pumping and winding are sometimes performed 
by the same motor ; such an arrangement can only be of temporary use, 
and the gear should not be permanently attached to the engine, but driven 
by clutches, so that each operation may be independent of the other. 
This method of connection i)ermits the engine to be subsequently used for 
other purposes without serious alteration. 

In the following table the combinations allow a winding speed of 500 ft. 
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a minute, the pumps not being more than 7 in. in diameter, and the stroke 
not exceeding 4 ft. 

Combined Pumping and Winding Engines. 



' DimenMons of Cvlinders, in inches . 
Drum, in feet 



Load, in cwt. . 
Depth Pumped, in feet 



9 XI2 


10 \ 14 


12 X 16 


six li 


6h X I \ 


7x2 


20 


27 


35 


400 


525 


800 




i 


. 



The winding engine occupies no definite position with regard to a 
vt^rtical shaft, and any convenient site may be chosen ; usually the head- 
gear is squared with the shaft, the sheaves and bearers with the headgear, 
and the engine consequently stands so that its drum axis is parallel with 
the side of the shaft. There is less choice in the case of an incline shaft, 
as the engine cannot stand at either end, and must be placed in front or 
behind ; if behind, the angle the rope makes in passing over the sheave 
is doubled; this position, therefore, is not selected if the alternative is 
feasible. In hilly country it may be that the back of the shaft is the only 
place open for the engine ; if so, the only difference is a little increased 
wear on the roj;e ; skips can be arranged to self dump from either direction. 

In laying off the foundations, it is best to sight down an incline shaft, 
and peg out at surface a line in the same vertical plane as the centre of 
the winding compartment ; this fixes the drum centre, and a line squared 
with it will be the drum axis. With vertical shafts, the line may be pro- 
jected in any direction from the winding centre, as already explained, but 
the axis of the drums must be square with this line, or the rope will always 
crowd to one end of the drum. 

The distance from the shaft to the engine depends on several factors, 
the height of the headgear being one, the position of steam supply 
another. Naturally, the site chosen will be near the steam supply, and 
afford the driver a clear view of the brace ; if too far from the shaft, guide 
pulleys will be required to steady the rope against vibration caused by 
irregular torque of the motor. On the other hand, if the engine is too 
close to the shaft, there will be unnecessary friction between the rope 
being wound on the drum, and the coils already wound. As a general 
rule, it is safe to let the distance between the nearest side of the shaft and 
the nearest end of the foundation pit be equal to the height of the 
headgear. 

As the load is light, the foundations are less massive than for pumping 
machinery, and the smaller hoists may be bolted down to well-bedded 
mud cills ; while in the semi-portable type, the box-bed, let a foot or two 
into the ground, is all the foundation required. 

Figs. 48 and 49 are plan and elevation of 12-in. by i8-in. winding 
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engines, of a type largely used on the Indian mines, until their depths 
exceeded 1,200 ft. In Fig. 48 (In which the brake band is removed). 




the line a a is the centre of the drum, and is the one originally laid off 
from the shaft ; the engine centre h h does not coincide with it. 
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It is from this latter line h h that the masonry piers forming the 
foundation are laid off. The line representing the centre of the drum 
axis is carefully squared, and from it the positions of the crow holes are 
located by measurement. The cross bearer carrying the brake staff is 
built into the loading as the work proceeds, and at the top recesses are 
left for the crank discs and reversing arbor. The drums are lagged with 
wood and mounted on upward extensions of the engine framing, the 
indicator being driven by worm gear from the end of the drum shaft. 

The annular spur wheel, bolted to the side of the drum, is driven in 
three different ways — (i) The pinion is permanently keyed to the crank 
shaft; (2) loose pinion driven by dog clutch; (3) pinion mounted on 
sliding keys and thrown into or out of gear with the drum. The first 
plan does not permit the disconnection of the drum, and the engine must 
be at work both in hoisting and lowering ; either of the other plans permits 
the cage to be lowered under the brake, and the third plan can be recom- 
mended for all moderate requirements. In this case the pinion may be 
meshed whenever its teeth are opposite the spaces of the spur wheel, and 
the opportunity for engagement occurs more frequently than is possible 
with any form of dog clutch. 

Many American hoisting engines are fitted with a neat clutch gear 
worked by a quick thread screw spindle passing through the drum shaft. 

The engines hitherto considered are of sufficient capacity for ordinary 
purposes, but may not permit the output required should the depth exceed 
2,000 ft. It is then considered preferable to increase the speed of winding 
rather than the weight of the load ; accordingly gearing is dispensed with, 
and the drums mounted on the crank shaft, as in colliery practice. The 
following examples give an idea of the speeds, loads, and outputs of these 
directly connected engines, as illustrated in Figs. 50 and 51, which also 
serve to show the arrangement of post brakes. 

An engine with a pair of cylinders 24 in. diameter by 48-in. stroke, 
coupled to drums 11^ ft. in diameter, and raising a net load of i\ ton 
at a speed of 2,000 ft. a minute, will be capable of an output of 12,000 to 
15,000 tons a month from a depth of 2,000 ft. 

On the deep level mines of South Africa, engines with cylinders 20 in. 
diameter by 48-in. stroke, coupled to 8-ft. drums, lift a gross load of 
2^ tons at 1,800 ft. a minute. 

At the Lake Superior copper mines a pair of compound condensing 
Corliss engines, with cylinders 16 in. and 32 in. diameter by 48-in. stroke, 
coupled to 7-ft. drums, raise a gross load of 2 tons at a speed of 1,200 ft. 

a minute. 

Perhaps the greatest output in a given time must be credited to De 
Beers Mine, where a pair of vertical engines with 9-ft. drums, coupled 
to self-dumping skips weighing 7 (short) tons when filled, have hoisted 
over 3,500 tons per shift from a depth of 1,200 ft. 
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Motive powers other than steam are not in sufficient general use to 
warrant detailed description; an illustration of an electrically-driven 
winding engine is given in Fig. 7 ; though electricity is better suited to 
work, requiring less stopping and starting. In using water power, a wheel 
of the impact type is preferred to the turbine, one wheel being coupled to 
each drum ; the power supply is governed by a lever actuating a pointed 
rod, which closes the nozzle and shuts off the supply. 



Ropes. 

For winding work the round wire rope has practically displaced all 
other forms. The qualities of steel principally used in its manufacture 
are plough, crucible, and mild ; there are in addition several intermediate 
and fancy brands. Each rope consists of six hemp-cored strands wound 
around a central hemp core, these cores making a lighter and more flexible 
rope than wire ones. While the number of strands remains constant, the 
gauge of wire varies considerably, being largest in ropes having few bending 
strains to bear, such as guides and stays ; where flexibility is essential, the 
finer gauges of wire are used. The rope used for winding purj>oses is a 
compromise between these extremes. 

If a piece of iron is bent when cold, the tensile strain on its outer 
surface is apparent to the eye; the same strain occurs in a modified 
degree each time a wire rope passes round a pulley. The crown of each top 
strand is strained according to the radius of the circle in which it is bent ; 
the greater the circle, the less the strain ; under equal conditions this 
strain would be more severely felt in larger ropes, as their opposite sides 
are farther apart. A relation therefore exists between the thickness of the 
rope and the diameter of the pulleys and drums it works over ; an easily 
remembered rule is, i ft. of pulley for each ^ in. of rope, that is, an 8-ft. 
pulley for a i-in. rope. 

In ordinary ropes the wires of each strand are twisted in the opposite 
direction to the strands themselves ; in Lang's lay this is reversed, and as 
the result of twisting the wires with the lay of the rope, there is less 
tendency to twist in working, and a long-wearing surface is secured on the 
crown of each wire. 
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Round Wire Ropes. 
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The above table gives particulars of the sizes and qualities of ropes 
chiefly used, the weight being in pounds per fathom, tiie breaking strain in 
tons, and the working load for vertical winding given in hundredweights 
for fast and moderate speeds. The smaller sizes of the flexible ropes, 
J> Tff» ^^^ i ^^ ^" *"^^ ^" thickness, have largely displaced hemp and 
manilla for windlass work, and are used on barrels of 6 and 8 in. diameter. 

All wire ropes are uncoiled from the outside, and for this purpose it is 
absolutely necessary to mount them on a revolving drum or barrel. In 
lieu of anything better, a wheel or pulley lying on its flat on a piece of flat 
iron, with a crowbar driven through the bore, will answer the purpose. 
Not a single coil should be allowed to slip ofl* without a turn of the wheel. 
The end to be fastened to the drum is passed through a hole in the lagging, 
to which an inclined groove should lead to prevent a quick bend in the 
rope. The end may be fastened by passing it twice around the drum shaft 
and clamping it to the standing part. With small ropes one turn may be 
taken around the shaft, a half hitch around the standing pait, and the end 
seized with wire. 

Occasional lubrication with grease free from acid is beneficial if the 
rope is exposed to wet. All working ropes require frequent examination, 
though a careful inspection once or twice a week is better than a perfunctory 
glance daily. Broken wires are easily detected as the ends stand out. 
The chief thing to note is the thickness of the wires on the crowns of the 
strands, and the state of the rope near the shackle. Fig. 52 gives an idea 
of wear. This Lang's lay rope, made by Messrs BuUivant & Co., Ltd., 



WINDING MACHINERY. 133 

had an original breaking strength of 29 tons ; when taken off after two 
years' constant work its breaking strain was still 17^ tons. The even wear 
on thu crowns, due to the Lang's lay, is particularly noticeable. 

The most severe wear is in those incline shafts and winzes not furnished 
with rollers. In such situations a seven-eighths ro|)e may last less than 
three months. 

A short rule for the breaking strain of ropes of medium quality is that 
the circumference in inches squared and multiplied by 3^ equals the 
breaking strain in tons. The >corking load will be one-tenth of the break- 
ing strain for fast winding, and one-eighth for medium si>eeds. 

The shaft end terminates in an eye which is oftt;n supplied with the 
rope. If not, the end may be passed round a deadeye and secured to the 
standing part by one or more clamps. An alternative plan is to use a long 
or short shackle, shown in Fig. 53. 




Fig. 52.— Lang's Lay Rupe, bcfuru and afti 



In this illustration the bow of the short socket is purposely enlarged 
for the sake of clearness. It is important that the upper edge of the taper 
socket be well rounded off, as shown. 

After the socket is passed over the rope the latter is seized with copper 
wire, commencing about 2 in. from the end. The binding must gradually 
diminish in thickness, the number of layers depending on the gauge of 
wire used. The ends of the strands are then unravelled, the wires 
straightened, and each separately bent back over the copper binding. 
Extra tapet may be given by cutting some of the wires shorter before 
bending them, and with some brands of steel the wires must be warmed 
before bending or they may crack. The socket is now dropped over the 
tapered end of the rope and an iron pin driven into the end of the hemp 
core. 

In fixing a long socket the rope is bound as before, but for a greater 
length, a foot or more in this case. The shackle is sprung over the rope 
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and secured by tajjered rings. These shackles are sometimes secured by 
rivets passing through the rope, but the plan cannot be recommended, as 
broken rivets escape detection. In every case a few feet of chain should 
intervene between the 
shackle and the load, 
or the end of the rope 
will suffer if there is 
any slack when the 
load is resting on the 

Splicing;. — \\hen 
it is necessary to 
lengthen a rope, or 
remove a part nipped 
in the gear wheels, or 
otherwise damaged, 
the two ends may 
be united by short 
shackles ; but if the 
{)art has to travel over 
pulleys, a splice is 
better and runs more 
smoothly. 

A wire rope cannot 
be spliced with a 
pocket knife and a 
poker, proper ap- 
i pliances are ncces- 
I sury, and although 
' neatness only comes 
with practice, any 
mechanic can make 
a strong and service- 
able joint by follow- 
ing these instruc- 
tions : — 

I . The two ropes 

should lie evenly, side 

by side, supported on 

trestles or blocking, 

their ends overlapping from 30 to 40 ft., according to the si^c of the rope. 

2. Midway between the two overlapping ends, setve each rope with a 

temporary binding, and unravel the strands of each ro|>e as far as this bind- 





—Long an<l Shorl Shackles. 
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ing, having previously served the end of each strand. There will now be 
twelve loose strands, each 15 to 20 ft. long. 

3. Cut off the loose hemp core of each rope close to the binding, bring 
the two ropes together, and butt the remaining ends of the cores, arrange 
the strands of each rope so that they interlock alternately with those of the 
other rope. Fig. 54 shows this stage of the process, though, for the sake 
of clearness, the ropes are farther apart than they would actually be. 

4. Keeping the ends of the rope closely together remove the bindings, 
and let one man unlay a strand of one rope (see a. Fig. 54), while another 
man lays in its place the corresponding strand of the opposite rope, No. i, 
until all but 6 in. of the strand are laid. Bind temporarily, and cut off 
the unlaying strand so that it is a foot longer than necessary to meet the 
end of the inserted strand. 

5. Start on the opposite rope, so that the man who was laying is now 
unlaying. Unlay strand No. 2 and insert n in its place, finishing as before. 

6. Take the next strand (c) of the rope on which work was originally 
commenced, cut 4 ft. off its end and lay it in the place of No. 3 in the 
opposite rope. Follow the same plan with the corresponding strand of the 
other rope. Unlay No. 4, lay d, temporarily securing the ends as before. 

7. I^y in the last pair of strands, having previously cut 8 ft. off each. 
Three strands have now been unlayed in each rope and replaced by three 
strands from the opposite end. The lower view in Fig. 54 now represents 
the state of things, the overlapping ends of the strands are seen opposite 
the figures i, 3, and 5. 

8. The end of each strand is 1 2 in. longer than necessary to meet its 
fellow, each end being 6 in. longer than necessary to meet its fellow, 
and the only difficult part of the task is to dispose of these ends neatly. 
For rough work they may be gradually diminished in thickness and 
worked in under the strands as in ordinary rope, but the proper method 
is as follows : — 

9. With a rope sling or blunt pipe tongs seize the rope about 9 in. on 
each side of the meeting of two strand ends. See o and p in the lower 
figure. Twist each part of the rope in the opposite direction to its lay 
to open the strands. Cut out 6 in. of the hemp core on each side of 
the strand junction, and with the help of the tongs force the strand ends 
into the space in the heart of the rope formerly occupied by the hemp 
core. See 2, 4, and 6 in the lower figure. Treat all the ends in a similar 
manner, hammer them gently with a wooden mallet, and after a few days' 
work the splice will be difficult to find. 

The load to be hoisted may be carried in various receptacles, the 
bucket or "kibble" being the simplest ; the latter is always barrel-shaped, 
the smaller diameter at the bottom and mouth assisting it in clearing 
obstructions, for the same reason the rivet heads on the outside are flush 
with the body. Requiring neither guides nor special road, the kibble is 
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largely used in winze and shaft sinking, and in all preliminary work. In 
vertical shafts it is kept clear of the timbering by lining the compartment 
with plank. In underlay shafts, bed planks are laid on which the kibble 
slides ; the friction, however, is considerable, and increases as the angle 
departs from the vertical. Even in shafts already furnished with guides, 
the kibble is used for sinking, a travelling " monkey " being arranged to 
steady it in the hoisting ways (see Fig. 55) ; this monkey, or cross head, 
fits within the guides and rests on the shackle, the rope passes through 
it, but is not attached to it. A stop is fixed on the lowest guide, and on 
being lowered to this point the monkey rests on the stop, while the rope 
travels through it to the bottom of the shaft. On the return journey the 
monkey is again picked up by the shackle and travels to surface with the 
load. The arrangement may be seen within the guides in Fig. 55. 

Kibbles are loaded either by hand, or from chutes into which the 
trucks tip ; they are emptied by being lowered on to a fixed chain, which 
is hooked into a bow projecting from the bottom of the kibble. When 
used for baling water, a valve opening inwards is fixed in the bottom of the 
bucket ; the valve opens on being lowered into the water, and is opened 
for discharging at surface when pressed inwards by a projecting pin, on to 
which the bucket is lowered. 

Cag^eS- — Although special cages have been devised for use on inclines, 
they are generally installed only in vertical shafts ; they save handling the 
ore to a certain extent, as the truck and its contents arc hoisted bodily to 
surface. Their use may be considered advisable when the ore has to be 
trammed some distance from the mouth of the shaft. It must be admitted 
that the dead weight on the engine is somewhat increased, but in double 
compartment shafts this is balanced by the descending cage. 

Another disadvantage may be mentioned, the ore cannot be collected 
and stored beforehand in the shaft bins ; the supply can only be hoisted 
as it arrives in the trucks from the chutes and faces, therefore the cage 
must wait in the mine for the trucks, or the trucks for the cage. 

The size and shape of the cage are determined by the compartment in 
which it is to work, and the truck it has to contain. Generally it consists 
of a rectangular platform, furnished with rails to receive the truck ; each 
corner of this platform is suspended from a wrought-iron rod, the four rods 
uniting with the corners of a frame about 7 ft. above the platform. This 
upper frame is provided with a hood opening upwards in two leaves, so 
that pipes, rails, and long timbers may be carried ; four bridle chains 
connect it to the shackle on the rope. A simple catch prevents the truck 
from moving when the cage is in motion, and on each side of the upper 
and lower frames are clips to engage the guides. 

Safety appliances are sometimes fitted to suspend the cage should it 
get disconnected, or the rope break ; they consist of pointed levers or 
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toothed cams, forced by springs to grasp the guides, but held apart by the 
tension of the rope. No doubt these catches would be more generally 
fitted if they did not necessarily come into action each time the cage is 
resting on the keeps, and thus injure the guides at these points. 

Skips. — These are used in any kind of shaft, vertical, inclined, or 
combined ; they are specially suitable when the load has to be dealt with, 
or treated, at the mouth of the shaft. All skips are square, or nearly so, 
in section, and are generally arranged to dump automatically; rubbing 
strips protect the body from being worn by the guides, and clips retain it 
within the road. An average pattern will be 6 ft. long on the longest side, 
by 2 2i in. square, and will hold 16 cub. ft. of ore; the bottom is made of 
steel plate j^ in. thick, and the sides of ^-in. steel plate. The body is 
attached to the bow so that it shall hang vertically, but it is neither 
necessary nor usual to place the guides in the centre. 

For incline work, if the angle of underlie is regular, and is not less than 
20" from the vertical, the weight of the skip is sufficient to keep it on the 
track, and rails may be substituted for the usual wooden runners. The 
wheels now take the weight, as well as the side friction formerly existing 
between the guides and rubbing pieces. It is curious to note that although 
mine trucks, which have to pass round the sharpest curves, are generally 
fitted with wheels fixed to the axles, yet loose wheels are supplied to skips 
running on a perfectly straight track. As the axle boxes are covered with 
grit at every loading, the wear and cost of upkeep are heavy. When 
working in incline shafts it will be found a far better plan to mount the 
skip bodily on axles to which the wheels are fastened, and let the axles 
work in bearings formed of hard- wood blocks bolted to the bottom of the 
skip. The bearing is now thoroughly protected from dirt, while the wood 
absorbs oil and grease, rendering frequent lubrication unnecessary. For 
self dumping the bow is extended to the rear, and the front wheels and 
axles made narrower than the back ; the rear wheels keep to the main 
track and elevate the rear of the skip, while the narrower front wheels run 
between the main rails on to the track over the hopper. 

Headgears. — The points for consideration about a headgear are, 
its height, strength, stability, and the materials to be used in its con- 
struction. The height will depend on the distance above the ground at 
which the load is to be delivered, while the winding speed and average 
skill of the drivers will decide the height of the sheave above this level. 

l*he strength of the principal parts is based on the gross load and the 
speed of winding ; but the same gear is often arranged to command the 
pumping compartment, and will be required to sustain the loads lifted by 
the capstan. Even in this case it will be found that, in securing rigidity 
against vibration, the strength is increased out of all proportion to the 
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actual weight dealt with, as indicated by the various formulae for strength 
of columns. But the strains on the headgear always exceed those due to 
the mere gross weight, as the load is a live one and subject to jars, surges, 
and other irregularities of motion. Then again, the stress on the rope is 
not vertical, but acts in two directions. Thus a racking strain is set up, 
to be met by carefully jointing the principals, and bracing the whole 
structure well together. 

Stability is ensured when a line bisecting ihe angle made by the rope 
at the sheave falls to the ground within the base of the frame ; should it 
meet the ground materially beyond this point, inclined stays are added, 
which practically extend the base of the structure. The form of headgear 
common in Australia is, to some extent, an exception to this rule, being so 
well braced internally that the resultant may safely fall without the base. 

The materials to be used depend on local conditions. If timber in 
sufficient lengths is available it will probably be cheaper than an imported 
steel structure ; the latter is generally built up of numerous small parts, 
any of them liable to loss in transit. 

The simplest of all forms is the ordinary A frame, suitable for one 
winding compartment only ; the strength of its principals may be found by 
the following rule : — The working load in tons is the side measurement of 
the timber in inches brought to the fourth power and divided by the length 
in feet squared. Thus, if each leg is 10 in. square by 40 ft. long, 10 by 
10 by 10 by 10 divided by 40 by 40 equals 6.2 tons. As the frame is 
composed of two such legs it would support a weight of over 1 2 tons, and 
allowing for irregularity in motion, and for the fact that the legs are not 
vertical, might be safely worked with winding loads up to two tons. A 
frame of this kind will require stays to maintain it in the same vertical 
plane as the rope, and will need staying against the pull of the rope when 
the resultant falls beyond the base. 

When the headgear is to cover a double compartment shaft, two of 
these frames are used, united by stringers at the top. 

Fig. 55 illustrates a headgear of this kind, consisting of two main 
frames, one at each end of the shaft. Each frame consists of a sole piece, 
two legs, and a cap piece ; the legs, 1 1 in. square, are tenoned at both 
ends, and the back ones are inclined, so as to dispense with back stays. 
It will be noticed that the position of the back legs brings the bisection of 
the rope angle well within the base. The foundations are laid by digging 
a trench 2 ft. deep under each sole piece, and filling it with broken stone, 
to allow for drainage. The wheel bearers rest on the stringers con- 
necting the caps of the two frames ; at the time the photograph was taken 
the cage road and bearers for one compartment were not in position. 
The frames were, in this instance, of an average height, 45 ft. ; the 
extremes met with in general practice being 30 and 60 ft. 

Headgears containing grizzlies, rock-breakers, and bins are more com- 
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plicated structures generally made of steel, the principal members being 
angle or tee iron 4, 5, or 6 in. wide. The four legs rest on cast-iron shoe 
plates, supported by masonry or concrete piers. In smaller sizes the 
frames are put together on the ground and hoisted into position, the sling 
chains being adjusted to take the weight in two or more places; this 
precaution is necessary as the skeleton structure can hardly stand its own 
weight when placed horizontally, or at an angle approaching the horizontal. 
Examples of steel headgear are given in Fig. 56. 

Heavier headgears are built up in floors from the ground level, the 
bracing of each floor being completed before the next is added. A steel 
plate, through which the rope passes, is built into the frames near the 
wheels to operate the detaching hook and support the cage in case of 
overwinding. 

In flat underlie shafts the headgear is almost an extension of the 
skiproad supported on trestle work ; and in very flat shafts the rope is 
merely passed over a roller at the brace and attached directly to the mine 
trucks. 

The sheaves must stand vertically, and in exactly the same plane as 
the rope, otherwise friction occurs between the rope and pulley, and the 
former suffers. After the sheave has been levelled and centred over the 
cage road by plumbing, perhaps the easiest method is to sight along its 
edges to chalk marks on the drum, but this must be done from different 
points of the circumference, as the rims themselves may not be quite true ; 
or sights may be taken along two plumb lines hung, on opposite sides of 
the wheel, in the V groove. 
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Table of Inclines. 



Number of 


Inclination per Yard, 
in Inches. 

5729 


Equal to one in 


Pull on Rope per Ton 


Degrees. 


of Load, in Pounds. 


I 


0.63 
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2 
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24 


2.24 
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25 


2.14 
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27 
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1187.02 
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CHAPTER IX. 

AIR COMPRESSORS, 

Air Compression, Cooling and Reheating — Air Valves — Walker Compressors — IngersoU- 
Sergeant Compressors —Erecting — Receivers — Mains — Amount of Air Required by 
Rock Drills. 

The work on an ore body cannot be concentrated entirely on one spot, 
as it is only by having numerous points of attack that sufficiently rapid 
progress can be made. On every mine, therefore, a demand exists for 
motive power for distribution to these more or less isolated points of 
operation ; the media chiefly used are compressed air and electricity, and 
if the scheme is to include the underground workings, the former has 
distinct advantages. 

Compressed air is easily and cheaply stored; there is no danger of 
fire or shock ; no change in equipment is necessary, the same steam 
motors and pipes being used ; and in underground workings the exhaust 
ventilates and cools the mine. 

With the assistance of this exhaust air tunnels may be driven, un- 
connected with other workings, for distances quite impracticable without 
some system of artificial ventilation. If similar work be attempted by 
hand labour the rate of progress rapidly diminishes when the heading has 
advanced a few hundred feet, the gases take a longer time to clear after 
each blast, until driving has to be suspended while a connection is made 
with some other working. This connection may serve scarcely any useful 
purpose but ventilation, so that its cost might fairly be debited to that 
of the original heading, to say nothing of the time lost in its construction. 
It is not always recognised what an important factor time is, especially on 
a foreign mine where the standing charges are necessarily high. Take, 
for instance, a mine in the early development stage, with a monthly 
advance of 250 ft. and standing charges of ;^25o; these costs including 
management, office, agencies, pumping, and other expenses unavoidable 
as long as the mine is not shut down. This amount represents £,\ on 
each foot driven ; but if by rock drills, or other means, the footage is 
doubled, the standing costs per foot are halved. 

Just as combustion was discussed before going on to steam and steam 
motors, so perhaps it will be advisable to briefly recapitulate the behaviour 
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of air and gases under compression, before passing on to the means by 
which the compression is effected. 

In common with other gases, the volume, the pressure, and the 
temperature of air tend to remain constant, and if this equilibrium is 
destroyed by an alteration of one of these conditions, one of the others 
must change also. The next feature to note is, the product of the 
pressure and volume is constant; therefore one varies inversely with 
the other. 

It is evident then that, since both pressure and volume are altered in 
the process, air cannot be compressed without increase of temperature, 
nor expanded without loss of temperature. But these are the relative 
functions of the compressor and motor, the one to compress, the other 
to expand ; in each case temperature is involved, and is an important 
factor, the compression being best when the heat is kept low, and expan- 
sion best when it is kept high. 

There is a great deal of misconception on this point, and the air 
system suffers accordingly; a steam-engine admittedly works by heat, 
because the steam is hot, but an air motor is supposed to work in some 
miraculous way by pressure. Heat is involved as directly in one case as 
in the other, and the work done is proportionate to the difference in 
temperature between the air admitted to, and that exhausted from, the 
motor. The air may be less hot than the steam, but the difference 
between the admitted and exhausted gas will be the same in each case 
provided equal work is done ; the ordinary rock drill works with scarcely 
any expansion, and yet its exhaust is often below zero. 

To get a clearer idea of the principles involved, let us trace an 
imaginary compression stroke in a cylinder so thoroughly cooled that the 
air cannot increase in temperature. The compression now follows Boyle's 
law, when half the stroke is completed the air will be halved in volume 
and doubled in pressure ; and when the volume is reduced to one-fourth 
the pressure will be increased four times. Compression on such lines as 
these would give a maximum result for a given expenditure of power, and 
an indicator attached to the cylinder would trace an isothermal curve. 

Let a stroke now be made in an uncooled cylinder formed of some 
non-conducting substance which retains all the heat arising from the 
compression ; when compressed to half its original volume the air will 
be at double the original pressure plus an additional amount of pressure 
due to the heat contained. This heat represents an expenditure of about 
30 per cent, more power than the previous example ; such a compressor 
would give a minimum result for the power applied, and its indicator 
would trace an adiabatic curve. 

In actual practice no cooling is perfect, no cylinder a non-conductor, 
and the indicator pencil traces a line between the adiabatic and isothermal 
curves, as shown in Fig. 57. The additional heat imparted to the air in a 
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badly cooled compressor would be advantageous rather than otherwise, 
provided the air was used while still hot, but this is never done ; it is stored 
in naked receivers, conveyed through naked pipes, and since the heat is 
not utilised, it represents power wasted. In recent years much has been 
done towards minimising this loss by means of stage compression and 
intercooling ; but the first step in this direction consists in supplying cool 
air to the compressor inlets. The colder the air, the more efficient the 
compression, and every degree of heat abstracted is just as important as 
those added to feed water or to superheated steam ; a reduction of 5' in the 
temperature of the air admitted is equivalent to an increase of i per cent, 
in the capacity and efficiency of the compressor. When the entering air 
is cold the relative increase of heat during compression is less than with 
warm air; the author has satisfied himself on this point by running un- 
cooled and unjacketed compressors with very fair efficiency, as long as the 
entering air was between freezing point and zero. 

In the face of these facts, what is the general custom ? Is it not to 
take air from the engine-room, where it is several degrees hotter than the 
outside air? In hot climates even outside air may generally be reduced 
in temperature by some simple arrangement of water dripping over pipes, 
or, since no pressure is involved, by passing the supply through some 
discarded cooler or condenser. 

In stage compression the work is divided between two or more cylinders, 
and as the pressures used in mining work do not exceed 80 or 90 lbs. per 
square inch, two-stage compression is generally employed. The advantages 
of this system are numerous: (i) the compression is less rapid, more time 
being taken to compress a given quantity; (2) each cylinder is subjected 
to less variation in temperature ; (3) there is less difference in the pressure 
on opposite sides of valves and pistons; (4) the clearance in the high- 
pressure cylinder is of less cubic capacjty ; (5) the air can be cooled in its 
passage from one cylinder to the other. 

In the single-stage system, when compression is completed in one 
cylinder, the parts in contact with the air are more highly heated than they 
would be if the compression were only carried to half the extent. Part of 
this heat is abstracted by the next incoming charge, and the cylinder is 
filled with heated, and therefore rarefied, air. The water jacket keeps the 
heat of the cylinder itself within reasonable limits, but has little effect on 
the charge, since only the outer ring of air is in contact with the cooling 
surface. 

The centre part of the charge does not part with its heat ; in any case 
the heating is so instantaneous and air such a poor conductor that the 
duration of the stroke affords no time for abstraction of the heat. 

In two-stage compression, the charge from the low-pressure cylinder 
passes through an inter-cooler on its way to the high-pressure side. Here 
its temperature is reduced, but as the pressure remains constant, the volume 
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must vary in accordance with the laws already quoted ; the result is, the 
high-pressure cylinder receives a charge diminished both in temperature 
and volume. 

Clearance between piston and covers is essential in every cy Under, and 

K 
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as the length of clearance is nearly constant, the cubic capacity will vary 
with the size of the cylinder. This space is filled with air at maximum 
pressure, and is larger in the single-stage compressor than in the small 
high-pressure cylinder of the compound system. It is true the latter 
system has two cylinders, each with clearance spaces, but in the low- 
pressure side this space is filled with air at only half the total pressure. 

The actual result of these advantages is an economy of about 20 per 
cent, in favour of the stiige system. 

A compressor is necessarily affected by the pressure of the external air 
as shown by the barometer ; the air being lighter as the altitude increases, 
the engine delivers a decreased volume per stroke, or requires larger 
cylinders to deliver a given volume. The volumetric efficiency decreases 
about 3 per cent, for every 1,000 ft. above sea level ; as the resistance is 
less, the motive power required is also less, and decreases about rj per 
cent, for every 1,000 ft. of altitude. 

When considering steam, it was noted that the heat required to produce 
a given increase in pressure decreased as the total pressure increased ; the 
same thing happens with regard to air compression, the heat losses decrease 
and the power is applied to better advantage at high pressures. About 8i 
H.P. are required to compress 100 cub. ft. of air to 30 lbs. per square inch ; 
but this same power, if applied to air at 30 lbs. pressure, would raise it to 
90 lbs. per square inch. Thirteen and a half H.P. are required to com- 
press 100 cub. ft. of free air to 60 lbs. per square inch; but the same 
power applied to air at 60 lbs. increases the pressure to 350 lbs. per square 
inch. 

'ihere is in each case a diminished volume to work with, and these 
high pressures only show to advantage when used in compound motors, 
for in this class only can the exhaust be reduced to anything approaching 
atmospheric pressure. 

It is useful to remember that each 100 cub. ft. of air delivered per hour 
at 60 lbs. per square inch represents one H.P. 

Precautions are taken to avoid heating the air in compression, mainly 
because that heat is afterwards lost ; but the air may, with great advantage, 
be heated before being used, especially as the volume is augmented with 
every increase of heat. The same quantity of heat that raises i lb. of water 
I* Fahr. raises i lb. or 13 cub. ft. of air 4"; the heat, therefore, is applied to 
better advantage even than in a boiler. The apparatus for reheating is of 
the simplest description, a coil of pipe, a nest of tubes, or an old boiler, 
will enable the air to be heated to 300" Fahr. with a very small quantity of 
fuel. Care must afterwards be taken, by covering the pipes and other 
means, to prevent this heat from being lost ; this usually implies that the 
reheater is placed close to the motor. For example, let the air be at 60* 
Fahr., and 90 lbs. pressure, if the temperature is increased by 240" the 
volume is increased 46 per cent. ; if the air were heated to 350" the volu- 
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metric increase is 55 per cent. ; hence a double advantage results, more 
air, and a temperature permitting thai air lo be used expansively. 

The following example of reheating occurred at a mine in the author's 
charge, where a direct-acting pump was employed on a lift of 600 ft., 
power being supplied by a boiler steaming both winding engine and 
pump. A compressor driven by water power was installed, and as air was 
cheaper than coal, the mains were connected to the pump, enabling it to be 
driven either by steam or air. 

As the steam pressure exceeded the air pressure by a few pounds, the 
two were mixed just before admission to the pump ; although the amount 
of steam admitted was only that due to ^q of a turn of a i A-in. wheel valve, 
the pump raced away as though the i)ressure had been considerably in- 
creased. It was found possible to work another rock drill even when the 
pump was going, and the quantity of steam used was so small that the 
boiler attendant did not know the valve had been opened. Unfortunately 
press of other duties prevented an exact determination of the economy 
effected. 

As a dynamo, by reversal of current, becomes a motor, so a steam-engine 
may become a compressor — the action may be noticed in a locomotive 
running light downhill j as originally made, compressors were ordinary 
steam engines with air cylinders attached. At first sight it might appear 
that an engine working with 90 lbs. of steam is subject to the same strain 
as a compressor delivering at that pressure ; but the massive build of a 
well-designed compressor points to a different conclusion. 

In the engine the piston is receding from a decreasing pressure, in the 
compressor advancing against an increasing resistance ; in the engine the 
load resists going forward, in the compressor it actively pushes backward ; 
and in the latter the maximum steam and air pressures occur at opposite 
ends of the stroke, one being highest when the other is lowest, the balance 
being transmitted through the bed-plate and connections. 

Such strains cannot be taken by an ordinary base-plate. They demand 
a girder frame with straight line resistance in the same plane as the piston 
rods, and the utmost support a solid foundation can afford. A com- 
pressor driven by steam is complete in itself, and consists of a steam- 
engine with air cylinders attached ; but motion may also be derived from 
a crank shaft driven directly by an impact wheel, or by belts, ropes, or 
gearing from any hydraulic or electric motor. In detail the chief difference 
in compressors lies in the control of the air valves, which may be effected 
either by springs, by air pressure on pistons, or by motion derived from 
the motor, the last variety having a positive action. 

In small compressors the inlet and outlet valves are generally con- 
trolled by springs ; as the inlets are horizontal, the spring, in addition to 
overcoming the friction due to the weight of the valve, must be strong 
enough to close it sharply. That this spring tension is not a negligible 
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quantity when multiplied by the area of the piston and its stroke, is 
proved when the inlet springs are even slightly tightened on an un- 
governed compressor ; the revolutions per minute at once decrease. 

The outlet valves are forced upward by the pressure beneath, and 
downwards by the air pressure and spring tension above. While air is 
passing through them they are in a state of unstable equilibrium, chattering 
on their seats, so that three or more distinct beats may often be heard. 
The result is seen in the wavy discharge line in the diagram, and wear 
on the valves and their seatings. Lastly, in order to use springs of 
reasonable strength the valves must be light and small, consequently they 
must be numerous, and this often leads to equally numerous pockets and 
enlarged clearance space. 

It will not be necessary to discuss the merits of the various mechani- 
cally controlled systems. The best known, if not the parent idea, is the 
Riedler, and the valve action has already been described in Chapter VII. 
Some very fine compressors with these valves have been erected in South 
Africa, but detailed descriptions of the many different makes in use would 
be mere catalogue work. It will be sufficient to refer to typical engines 
of English and American manufacture, and the Walker and Ingersoll- 
Sergeant machines have been selected for this purpose. Each of these 
firms makes a speciality of this class of work, and it would be as reason- 
able to order a locomotive from a marine engine builder, as a compressor 
from a firm who have not made a study of this type of engine. Although 
each of the above firms can and do make compressors in all sizes, in 
mining work Messrs Walker Bros, are best represented by their heavy 
installations, and the American firm by the excellence of their smaller 
engines, which can be delivered from stock. 

The Walker Compressors will be found on almost every im- 
portant goldfield in the world, large numbers being in use in South 
Africa, India, Australia, and Canada. They are made in sizes up to 
3,000 I.H.P., in different arrangements and combinations of steam and 
air cylinders. For large installations they are supplied duplex, compound, 
condensing, with Corliss gear, and single or multi-stage compression. 
For smaller equipments a single half may be erected first and converted 
into a duplex by the addition of a second side at a later date. Great 
strength of parts and ample wearing surfaces are found in each pattern, 
but the peculiarity of the Walker engine lies in the air valves and their 
method of control. On each cylinder cover there are two of these valves, 
one for inlet and the other for delivery. The area of each valve is about 
one-third that of the piston, and when closed, it fills the recess in the 
cover in which it works. 

These valves somewhat resemble the clacks used in pitwork, they are 
freely suspended from hinge pins at their upper ends, and tend to close by 
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their own weight. The beats are metal to metal, but as the last fraction 
of an inch of closing is controlled by a cushioning arrangement, the 
meeting of the valve with its seat is practically inaudible. Both inlet and 
outlet valves are* made of steel, and lift with a silent swinging motion, 
freely following the movement of the piston and the air pressure. The 
closing is assisted by a light coiled spring adjusted by milled nuts, and 
exerting such slight pressure on the valve, that in the largest engines 
there is no perceptible difference in the diagram between the induction 
and atmospheric lines. 

Beyond lubrication of the hinge pins and occasional cleaning, these 
valves need no attention even after many years of constant work. About 
300,000 I.H.P. of these compressors have been built, in all sizes up to 72-in. 
air cylinders. When arranged for condensing, the air pump is worked by 
an extension of the piston rod, or, with the condenser, forms a separate 
installation. 

Under tests made while at work on a mine the consumption of a pair of 
compound two-?tage Walker compressors was found to be 1.54 lb. of 
coal per I.H.P. per hour when condensing, and 2.35 lbs. when non- 
condensing. 

As evidence of the material and workmanship put into their machinery, 
Messrs Walker Brothers are able to refer to one of their winding engines 
in use about a quarter of a century, which has hoisted 20,000,000 tons 
of coal from a depth of 1,200 feet. 

The Ingersoll-Sergeant compressors are perhaps best known in what is 
called the " A " class, in which the working parts are mounted on a deep 
box-bed so massive that most of the usual foundation is dispensed with. 
The centre of the engine is kept low, level with the top of the bed, the 
crank shaft is placed at the end of the steam cylinder, and side rods 
connect the crank pins to a long cross-head working between the steam 
and air cylinders. 

After testing mechanically controlled and other valves, the Company 
still retain their original piston inlet valves. These consist of two plain 
rings working in the body of the piston ; they are uncontrolled by springs 
and work entirely by air pressure and momentum. This arrangement 
permits the cylinder covers to be water jacketed, and cooling applied 
where it is most effective ; while the system of drawing the air supply 
through the hollow piston rod facilitates a supply from outside the 
engine-house. 

Fig. 59 is a longitudinal section through the air cylinder, the solid 
piston rod being attached to the cross-head, and the air entering through 
the hollow extension to the rear. It will be seen both ends and body are 
well jacketed ; the air valves are shown at g g. 

Suppose the piston to be at one end of its stroke, when it has moved 
sufficiently to allow the small quantity of air in the clearance spaces to 
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expand, the valve will open, being left behind by the advancing piston. 
Before the first quarter of an inch in the stroke is completed, the valve 
on the opposite side will be closed. Thus the advancing valve is always 
shut and the receding one ojien. This action works regularly at speeds 
as slow as nine revolutions a minute, while the clearance spaces are small, 
a ring being cut in each cover to receive the projecting rim of the valve. 
The Company manufactures about forty difl'erent types, ranging from 



Flc. 59. — Section through Ingcisoll- Serjeant Air Cylinder. 

the simple straight line " Class A," to Duplex Compound Corliss machines ; 
many of the patterns are arranged for belt driving, others to be worked 
by electricity. A special type of engine, used for charging pneumatic loco- 
motives, compresses by the three-stage system to 8,000 lbs. per square inch. 
The following table contains some useful particulars of the " Class A " 
machines, arranged for a steam pressure of 80 to 100 IIjs. per square inch, 
the capacity being calculated for sea level; reduction must be made for 
altitude as already explained. 
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Ingersoll-Sergeant Straight-Line Compressor. 



Diameter of 
Cylinders. 



Steam. Air. 



Inches. 
10 
10 
12 

14 

14 
16 

18 

18 

20 

22 

22 

24 

24 
24 



Inches. 
lOi 
I2i 
I2i 

I4i 

i6| 
18I 

20i 
20J 
22^ 

24i 

24i 

22i 
26J 



Stroke. 



Inches. 
12 

14 

14 
18 

18 

18 

24 

24 

24 

24 
24 

30 

30 

30 



Revolutions 
per Minute. 



160 
160 

120 
120 
120 

94 

94 

94 

94 

94 
80 

80 

80 



H.P. 



35 
37 
57 
76 

91 
100 

131 

155 
161 

194 

204 

242 

235 
252 



Cubic Feet of 
Free Air. 



177 
252 

285 

381 
498 
498 
656 
807 
807 

973 

1,150 
1,223 

1,035 
1,444 



Air 
Pressure. 



100 

60 

100 

100 

8s 

90 

ICX) 

80 

100 

125 
80 



Air 


Weight 


Main. 


Packed. 


Inches. 


Lbs. 


3 


5.100 


3h 


5,200 


34 


9,800 


3h 


14,700 


4 


15,100 


4 


15.700 


5 


24,200 


5 


24,700 


5 


25,200 


5 


26,200 


6 


26,700 


6 


39,200 


6 


38,500 


7 


39.700 



Though the loadings will probably be heavier, built in the soundest 
possible manner, with the engine rigidly connected to it by numerous 
anchorage bolts, yet the erection itself does not differ from that of an 
ordinary horizontal engine, the principles of which have already been 
explained. The water service for cooling is a feature demanding sp>ecial 
attention ; in gas and oil motors the amount of cooling need only be 
sufficient to prevent excessive heat in the cylinders, consequently the 
water may circulate, and be used again while still warm. For air com- 
pressing a constant supply of water is required, the colder the better ; one 
advantage in driving compressors by hydraulic power lies in the abundant 
cooling water available. The service pipes are arranged that the water 
enters at the bottom of the jackets and leaves at the top, the overflow 
being usually further heated and used for feed. 

Intercoolers also require a constant supply, and under favourable con- 
ditions, with ample water and cooling surface, the temperature of the air 
supply to the high-pressure side should not exceed that of the surrounding 
atmosphere. The average quantity of cooling water required is 6 cub. ft. 
per 500 cub. ft. of free air dealt with. The steam supply is preferably 
regulated by the air pressure, any decrease in pressure admitting more 
steam to the engine. The recording pressure gauge is a useful fitting, not 
only as a check on the engine-room staff, but for settling the endless dis- 
putes between the surface and underground men, the latter, especially 
when on night-shift, being prone to make " low air " an excuse for every 
deficiency. 



IS2 



GOLD MINING MACHINERY. 



Lubrication of the air cylinders is an important matter, an unsuitable 
oil soon forming a semi carbonised deposit on pistons, covers, and valves, 
and in this way fills the clearance spaces, already reduced to a minimum 
for the sake of efficiency. This deposit of burnt oil happens to be an 
excellent non-conductor, a very thin coating interfering seriously with the 
cooling effect of the jackets. A good quality of gas-engine oil will be 
found satisfactory for internal use, but in any case the surfaces will require 
cleaning occasionally ; negligence in this respect has led to broken bed- 
plates on more than one occasion. 

The tightness of most inlet valves can be tested by painting their faces 
with soapy water while at work ; leaky outlet valves will tighten the inlets 
on their seats if the engine is standing under pressure ; diagrams should be 
taken at regular intervals from both steam and air cylinders. 

To find the quantity of air delivered at a given pressure, multiply the 
displacement of the piston in cubic feet per minute by the following 
constants : — 



Air pressure in lbs. per sq. in. 


30 


40 


50 


60 70 ; 80 


90 


100 


Constant .... 


0332 


0.275 


0.232 0.21 0.185 0.165 

i 


0.15 


0133 



Owing to the heat generated in compression the quantity of air actually 
delivered to the receiver will be slightly in excess of that given by this 
formula. 

Receivers.— From the engine the air passes to the receiver; this is 
simply a reservoir, the shape being immaterial, as long as it is strong 
enough and free from leakage. As the demand for air is a constantly 
fluctuating one, varying with the number of machines at work, it is in 
every way economical to have ample storage capacity. 

Disused boilers may be pressed into service for additional receiver 
space, while an air main of ample diameter adds to the storage capacity 
and diminishes frictional losses. The receiver fittings consist of stop valve 
to the main, safety valve, pressure gauge, and drain tap ; the pipe connec- 
tions should be so arranged that the air does not enter and leave the 
receiver at the same point, as during its stay in the receiver much of the 
surplus moisture will be deposited. To facilitate drainage of this water, 
it is well to raise the receivers a foot or more clear of the ground. 



Air Mains. — As stated above, a large main prevents friction and 
affords storage space; useful effect may be, and usually is, lost through 
adopting a minimum size for the work required. 

The resistance the air meets with in its passage through a pipe is 
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inversely as the length, directly as the diameter of the pipe, and directly 
as the square of the velocity. 

For horizontal and incline work an excellent pipe is made with loose 
male and female flanges at the ends ; the extremities of the pipe are 
beaded outwards for a quarter of an inch after the flanges are on. Such 
pipes are not weakened by screw threads and are very light ; they are 
easily cut to lengths required, and flanged in dies supplied for the purpose. 
For vertical shafts fixed flanges are preferable. 

In laying down the main, cross pieces should be left at each level and 
tee pieces at every cross cut, with valves in each case to cut off the 
distribution pipe supplied ; the gate valve allows a clearer passage but is 
more dif!icult to repair and keep tight than the ordinary wheel valve. The 
main should extend at least a length of pipe below the lowest connection 
and be fitted with a trap or drain tap at its lower end. 

Two-inch wrought-iron pipe is generally selected for distribution work 
in levels; nothing is saved by using ij-in. pipe, except a trifle in first cost, 
and an unnecessary complication in sizes is introduced. Towards the 
face, the 2-in. pipe gives place to i-in., which is laid temporarily as the 
heading advances. 

As pipe laying and jointing form the subject of a separate chapter, it 
will be sufficient to say that a properly laid air main and connections 
should show no fall of pressure after many hours' test. It is easier and 
more satisfactory to bring this about by careful laying than by seeking out 
and remedying leaks after the installation is completed. When the 
working pressure is 80 lbs., a hole ^^ in. in diameter allows a cubic foot of 
air to leak through every three minutes. Efficiency at surface is useless if 
the mains and connections are faulty, the most troublesome parts to keep 
tight being generally the hose connections and the temporary i-in. piping 
laid as the face advances. 

All connections should be tested at regular intervals, say once a month, 
and a record kept of their performance; as it might interfere with the 
mine work if the mains were closed for several hours, it will be sufficient 
to shut all terminal cocks and note the number of revolutions the com- 
pressor has to make in ten minutes to keep the pressure constant. Suppose 
the ordinary speed of the compressor is 100 revolutions a minute, and 
with outlets shut it takes 50 revolutions in ten minutes to keep the 
pressure constant, the leakage is then 5 per cent, of the total amount 
supplied. 

The following table gives the capacity of various pipes in cubic feet of 
air per minute, at different pressures, the loss of pressure being limited to 
I lb. on the square inch : — 
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Air Pressure, 
in Pounds per 
Square Inch. 


Hoie of Pipe. 


I in. 

16 
18 

19 


1 

1 
I J in. 

1 48 
! 53 

' 57 


2 ins. 

107 

"7 
127 


2} ins. 

193- 
212 

229 


3 ins. 


3iins. 

471 
517 
560 


4 ins. 


. i . ! 

4^ ins. 5 ins. 6 ins. 

1 1 
1 


7 ins. 

1 


60 

75 
90 


315 
346 

375 


668 

734 
794 


1 

905 1. 180 

994 1.300 
1,070 1,410 


1,890 
2,080 
2,250 


1 

2,810 
3.090 1 
5.340 




Cubic feet per minute. 



Average Number of Cubic Feet of Free Air Required to run 
ONE Rock Drill at Different Pres.sures. 



Gauge 
Pressure. 


2 ins. 
so 


1 

2|ins. 


2i ins. 


2} ms. 


3 ins. 
90 


3i ins. 
95 


; 3i ins. 


3^ ins. 


1 

1 3? ins 


60 lbs. 


60 


68 


82 


< 100 
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120 
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S6 


68 


77 


93 
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80 „ 
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76 


86 


104 


114 
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142 
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70 


84 


95 


"5 


126 


, 133 


141 


159 


167 


100 „ 


77 


92 


104 


126 


138 


146 


154 

1 
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CHAPTER X. 

ROCK DRILLS. 

Types — Molman and IngersoU- Sergeant Drills — Mounts — Bits — Drilling — Rotating Drills 
— Electric Drills — Sharpening and Hardening Bits — Diamond Drills — Erecting — 
Running — Deflection in Bores — Deep Bores — Tahle of Sullivan Machines and 
Derricks. 

Of the many forms of rock drills, the percussive air-driven machine is 
practically the only one used in the boring and blasting part of gold-mining 
work. It is not necessary to refer to the hand machines which, in various 
patterns, have been on the market thirty years or more. In most of them 
the drill is drawn back by a revolving cam, and propelled against the face 
by spring pressure ; but after turning the handle a few minutes one is 
reminded the human machine is at its worst in continuous effort, and best 
when used intermittently, as with oar or hammer. 

The air-driven drill is seen to greatest advantage in hard, homogeneous 
ground, free from slips and flaws ; but it has already been pointed out that 
machine work may be economical even when the cost per foot exceeds 
that of hand labour. The drill is essentially a time saver, and in comparing 
the cost of hand and machine work the time factor must not be neglected. 
There is often a saving in labour too, perhaps not in the number of men 
employed at any one time, but in the total number of days worked for a 
given advance. 

The features desirable in a rock drill are reliability, dead blow, variable 
stroke, portability, compactness, protection and interchangeability of work- 
ing parts, and provision for taking up wear. Most machines combine these 
points to a certain extent, while no drill excels in all of them. 

Nor does any great diflerence exist in the arrangement of the machines, 
except in the valve action. Valves may be operated in three different ways — 
(i) by the contact of a rocker or tappet with the main piston ; (2) by the 
same medium as the drill itself, air or steam ; (3) by a combination of these 
methods. 

Without reference to any particular make of machine, but merely 
comparing the three valve actions, it might be advocated that the first 
is the most reliable and certain in its action ; the second, lightest in upkeep 
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and repair ; the third strikes the deadest blow and admits greatest variation 
in length of stroke. 

Having had a good deal to do with these machines, tried over twenty 
varieties, and run over forty on each shift, the author is obliged to admit 
that, in his opinion, the American drill is often superior both in workman- 
ship and material to the English. The reason may be that the drill in this 
country is a sort of bye-product of ironworks engaged on other machinery, 
while in America it is made a speciality. There the parts are hardened 
and ground to fit, joints require no packing to make them tight, and 
duplicate parts need not be machined to fit after their arrival on the mine. 

It is patent that the rock drill has to fulfil numerous requirements, many 
of them so conflicting that a compromise is the only possible result. For 
instance, it must strike a dead, uncushioned blow, and yet work with a 
variable length of stroke ; but to comply with the latter condition the valve 
must be capable of reversal before a long stroke is completed. It must be 
strong enough to stand rough usage and yet be light as possible. This 
means the factor of safety must be cut fine to ensure portability ; for it is 
one thing to carry 2 cwt. on a turnpike road, and quite another to drag the 
same weight up a steep, slippery stope. Compactness is equally essential, 
as the angle that can be bored in a confined space is chiefly decided by the 
over-all dimensions of the machine. 

In any drill with a fairly uncushioned stroke, the force of the blow will 
depend on the diameter of the piston, the air pressure, length of stroke, 
and weight of piston rod and bit. Naturally, the diameter of the cylinder 
is the chief factor in determining both the force of the blow and the weight 
of the machine. 

The size of machine to be used at any particular point is often decided 
by the weight and the facilities for handling the weight. In sinking a shaft 
the drill can be controlled by a winding engine or winch, and a 3j-in. or 
4-in. machine may be used. For driving, a 3-in. or 3j-in. would be 
sufficiently heavy ; while in stoping a still lighter one is required. Such an 
arrangement would be practicable when a depot of spare parts is close at 
hand ; even then difficulties would arise. There must be spare machines 
of each size on hand, three different sizes of supports, hoses, and bits, and 
such things seem to have a knack of getting supplied to the drill they 
won't fit. 

On most mines it is found preferable to adopt one medium size, all- 
round machine, say a 3-in. cylinder, weighing about 240 lbs. ; and to use 
one make and one pattern in order to keep the stock of spares within 
reasonable limits. 

In all machines the cylinder is supported by an adjustable cradle, and 
fed forward by a screw as the hole deepens. The piston rod at its rear 
end carries a rifle nut engaging with a twist bar ; this bar is held by ratchet 
gear on the backward stroke of the piston, and causes a partial rotation of 
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the drill bit. The exact amount of turn imparted depends on the length 
of stroke ; the longer the stroke the greater the rotation, a complete 
revolution being made in about six full strokes. 

At the front of the piston rod is the chuck for carrying the bits. This 
may be taper, in which case the blunt bit is knocked out by a drift ; or 
parallel, when the bit is secured by a U bolt. Each method has advantages, 
the Caper chuck is simpler and cheaper in upkeep. But in hard ground it 
is rather too rigid a fastening, leading to broken shanks and piston rods 
when glancing blows are struck. \Vhen the drill chuck is an enlargement 
of the piston rod, ihe front cover is made in halves. Cup leather rings in 
the stuffing-box prevent leakage around the rod. 

There is considerable difference in the area of the two sides of the 
piston, ihe forward stroke is made under air pressure on the full area, but 
on the backward stroke pressure is only applied to the difference in area 
between the piston and rod. It is plain, therefore, that, under given con- 



Fig. 6i.-Uolman Air Valve Drill. 

ditions, the power of the machine to " mud " or withdraw after the blow 
is largely affected by the diameter of the piston rod. 

Excepting those machines working on the compound system, which 
economise air at the cost of increased weight, the differences exist in detail 
only; and sufficient idea of the general arrangement of the mechanism 
will be afforded if three or four types are illustrated. 

Fig. 61 is a section of a Holman drill with air-driven valve. The slide 
valve is carried by a small piston, to which air is admitted by two ball 
valves. These balls, made of hardened crucible steel, are worked by 
inclined shoulders on the body of the piston, and serve to release ihe air 
from the end of the small piston. The machine is made with aA-in., 3j-in., 
3j-in., and 38-'"- cylinders. The valve motion is of hardened steel, and 
the stroke may be varied from i to 7 in. 

The machine illustrated in Fig. 61 is fitted with a clutch for parallel 
shank drills, and a reversed cone fitting to the clamp ; the alternative 
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arrangement is shown in Fig. 6z ofHolman Brothers' tappet drill, arranged 
to take taper shank bits. 

This drill is made in the same sizes as the air valve machine ; the slide 
valve is worked by a rocker, operated more by sliding contact than by 
impact, with the ball formed on the piston. The movement of the slide 
valve admits air to the cylinder ports, as in an ordinary engine ; the exhaust 
passes out through the space between the two ends of the main piston. 




'Hulinan Tuppet Drill. 



AH parts of this machine are made to standard gauges, as in fact are all 
Holman machines; Che correct filling of duplicate parls is therefore 
assured, while the valve chest can easily be removed should refacing 
be required. This drill has been in use many years, and given great 
satisfaction ; the air drill, though equally snlisfactory, being a more recent 
introduction. 

Fig. 63 shows the general arrangement and valve gear of the IngersoU- 



l'"lO. 63.— Seclion of St-rECanl ■' Arc \'alvK " Tii|ipet Drill. 

Sergeant arc valve drill ; the valve works over an arc of a circle in the 
direction in which it is impelled by the rocker. The piston is made with 
sloping shoulders which slide under the rocker, lifting it in the same 
direction as ihe piston itself is moving ; the valve is held against ihe face 
by a coiled spring. In all the machines made by this company the twist 
gear is the reverse of English practice, Ihe ratchet wheel being a fixture, 
and the ratchets carried by the twist bar. The piston is a forging of 
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highest grade steel, rough turned, hardened, and ground true on dead 
centres, while the cylinders are cast from hard, close grained iron. So 
hard are these surfaces that long use serves but to ]xihsh the working 
faces. As all parts are made to limit gauge and template, they are strictly 
interchangeable. 

Fig. 64 is the Ingersoll-Sergeant auxiliary valve drill ; it belongs to the 
third class, the valve motion being a combination of the tappet and air 
piston. The auxiliary valve is the small curved piece on the right of the 
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Fn: 64.— InEorsoll-ScrgcaiH Auxiliary Valve Drill, and Valve Gear. 

valve gear ; being rocked in the arc of a circle by the main piston, it acts 
as a trigger, and admits air to work the piston valve. The small screws 
P P serve to adjust the stroke should it lengthen after years of work, owing 
to wear of the piston valve. This machine strikes the dead, uncushioned 
blow usually made when an intermediate action exists between the main 
piston and the valve movement. 

The following table gives particulars of the drills referred to ; the air 
consumption column is not based on tests, and is quoted as approximate 
only, being an indication of the size of compressor required :— 
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1 

Description. 

1 


1 

Cylinder 
Bore. 

Inches. 

2i 
2j 
2i 


Stroke. 


Feed. 
Inches. 

• • • 

20 
20 


Weight. 


1 
Air in Cubic Feet 
per Minute at 

80 lbs. per 1 
Square Inch. 


Holman 

Ingersoll -Sergeant auxiliary valve 
I ngersoU- Sergeant arc valve 


Inches. 

5 
6 

6 


Lbs. 
128 

165 
190 


47 
70 
70 


Holman 

Ingersoll-Sergeant auxiliary valve 
Ingersoll -Sergeant arc valve 


3 

3 

34 


64 

64 
6| 


• ■ • 

24 

24 


190 

265 
285 


81 
100 
no 


Holman 

Ingersoll-Sergeant auxiliary valve 
Ingersoll-Sergeant arc valve 


■ 3J 
3i 

3i 


7 

64 

6fi 


» • ■ 

24 
24 


238 
280 

315 


92 1 
120 

125 


Holman 

Ingersoll-Sergeant auxiliary valve 
Ingersoll-Sergeant arc valve 

1 


' 3i 

3i 
• 38 


74 

7 

7i 


... 
24 

24 


280 
400 

390 


105 

130 
140 

1 



Mounts. — When used for sinking, the drill and its clamp are mounted 
on a column consisting of a wrought-iron tube, from 4 to 4 J in. in diameter, 
furnished with a claw at one end and a tightening screw at the other. 
Columns of various lengths are required to suit workings of different 
width. When closed, they are i ft. or 15 in. shorter than the distance 
they are required to span ; this deficiency is made up by wood blocking 
at each end, so that when tightened up, only a few inches of screw project. 

In driving, the machine is seldom fixed directly to the column, as a 
larger area of the working face can be covered at one setting when it is 
supported on an arm projecting from the column. The single screw 
fastening is not sufficiently rigid for this method of holding the machine, 
and the double screw column, as shown in iMg. 65, is generally used. 
The tripod lacks rigidity and is seldom employed, nor do drill carriages 
find any favour, as they cannot reach the face and enable work to be 
resumed until the debris from the former blast has been cleared away. 

Upon an upright column the machine can be adjusted to horizontal 
angles by moving the clamp, and to vertical angles by movement upon the 
clamp ; by combining these movements holes can be drilled at any angle 
the radius of the support and width of heading allow. 



Bits. — As the usual depth bored does not exceed 6 ft., from four to 
six bits are required for each hole, and constitute a " set." The difference 
in length in these bits should be about the average depih bored by one ; 
as the length increases, the width of the cutting edge diminishes. An 
average set would be somewhat as follows : — The starters, made of ij-in. 
octagonal steel, about 18 in. in length, and 2 in. wide on the cutting 
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edge ; the length decreases as the bit wears, and starters of various lengths, 
less than i8 in., will be in use. The second in the set will be i n. 9 in. 
long, and tj in. on the cutting edge; made of the same siite steel, so that 
when worn short ihey may be used as starters. The remaining bits are 



¥u:. 65.— Double-screw Column with Drill mounced on Arm. 

of ij-in. steel, the third in the set being 4 ft. long by ij in. wide, the 
fourth s ft. 6 in. long by ij in. wide, and the last 7 ft. long by 

As the result of wear and sharpening, bits in all sorts of intermediate 
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lengths will be in use. New sets are sometimes supplied in which the bits 
differ in length by the amount the machine may be fed forward ; this has 
really nothing to do with the case, unless the softness of the ground permits 
each bit to bore the full feed of the machine. Suppose a bit i^ in. wide 
has bored a depth of i ft. and then begins to stick, it cannot be followed 
by another bit of the same width, for if the worn bit stuck, the new one 
would be still tighter in the hole. The next size, therefore, has to be used, 
and should it be the full feed length of the machine longer than the former 
drill, it cannot be placed in the machine for want of room. It is clear, 
then, that the ground rather than the machine determines the difference 
in length of the bits. 

The number required for each machine also varies with the hardness 
of the ground, and the work done ; thirty each shift would be an average 
supply, and, as an equal number are being sharpened, sixty bits would be 
the full complement. When the sharpening is done by hand, the longer 
sizes are chisel shaped at the cutting edge ; the starters should, when 
possible, be cross bits, as the)' make a cleaner start than the chisel shape, 
and are less liable to glance when the axis of the bit is not exactly square 
with the face of the rock. 

Although the shanks may be forged in special swages, it is advisable 
to have them turned in a lathe. In any case the cutting edge of the bit 
must revolve truly when rotated with the piston ; the clearance between 
the edges of the bit and the hole is very small, and should the bit be even 
an eighth of an inch out of truth, considerable friction will result. This 
will be evinced in the decrensed efficiency of the machine for the time 
being, and rapid wear on the cutting edge ; no bit can keep its gauge 
under such conditions. 

Drill Running^. — Although the machine drill effects a great amount 
of work in a given time, it must be admitted the converse is also true, 
and a little loss of time means much lost work. If the speed in hand 
drilling be i in. in five minutes, a delay of ten minutes means a loss of 
2 in. in depth ; while with a machine drill boring at 2 in. a minute, 
20 in. would be lost in the same time. As a rule the actual boring is 
done rapidly enough, it is in setting up the column, adjusting the machine 
to the angle required, and starting the hole that time is occupied. 

The experienced runner avoids unnecessary setting by placing hjs 
column in a position covering the largest possible area of working face ; 
he inclines his holes and adjusts his charges so that the cut is taken 
cleanly out, leaving the face perfectly square; he uses his head as well 
as the machine. 

The time taken in setting up would suffice for 10 ft. of drilling; but* 
still greater is the delay when a ragged and uneven face is left after 
blasting. At least two settings will then be required, as some parts of 
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the face will be too near, and others too far, from any position the machine 
can occupy. Worse again is it to have to return over ground already 
finished and set up just for the sake of a few " pops " in ragged projecting 
ends of rock. 

The unexpected may always happen, and the runner be deceived in 
the burden on his holes ; but this should be the exception, not the rule, 
with any competent man who has had time to accustom himself to the 
rock he is dealing with. 

The actual position of the column depends largely on the cleavage 
of the country. In driving across strata the rock may be found to break 
best towards the hanging wall ; the column will then be set towards the 
foot wall side in order to obtain the proper angle on the cutting-in holes. 
A machine heading is usually carried wider than one driven by hand, 
otherwise the length of machine and bit prevent a favourable breaking 
angle for the holes ; with a working width of 6 ft. or more, the first cut 
may be taken from the centre. The column may now be placed about 
the middle of the drive, and tha cutting and squaring holes completed on 
one side, before the arm is turned round to command the other. In 
sinking even a small shaft two settings are necessary, the column being 
placed about 2 or 2 J ft. from the ends. 

In each case the length of the column, when the screw is right in, 
should be I ft. or 15 in. less than the width of the working; the wood 
packing placed at each end absorbs vibration and affords a firm hold on 
the ground. When the bar has been properly and firmly fixed, and the 
hole well started, the rest is- comparatively plain sailing. 

After the machine has been fixed in the required position, the face 
of the rock where the bit will strike should be trimmed square with the 
longitudinal axis of the drill — a few blows with hammer and gad are 
sufficient ; but if this precaution is neglected, glancing blows will cause 
deflection at the very commencement of the hole, and possibly broken 
shanks and a disabled machine will be the result. 

The hose connection is generally of four-ply canvas, armoured with 
netted or twisted marline, the latter being more easily repaired than the 
more complicated forms. Air should be blown through the hose to 
clean it, and the machine oiled before connecting it. It should be 
possible to lubricate the drill without removing the hose; and one tea- 
spoonful of oil before each hole will be found to answer the purpose 
better than a cupful at the beginning of each shift. 

A starting bit is now fixed in the chuck, and the machine fed down 
until the stroke is about 3 in., the air cock slightly opened and the 
machine allowed to run easily, gradually increasing the air supply until a 
fair stroke may be given without drawing the cutting edge from the hole. 

The stroke may now be lengthened and the air supply increased ; the 
machine is fed forward as the hole deepens, the runner being careful to 
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allow the longest possible working stroke without hitting the front cover 
of the machine. When the starting bit has reached its full depth, or is 
blunted and ceases to cut freely, or has lost its gauge and sticks, it is 
changed for the bit a size longer. The machine itself does not stick, it 
is always the bit that is at fault, and a tap on the steel will free it ; 
persistent sticking indicates a deflected hole or a bit that has lost its 



Fio. 66. — Kock Diill wilh Spray Atlachmenl fot Laying Dust. 

clearance and gauge. If changing to a smaller size bit does not rectify 
matters, it seldom pays to waste further time on the hole. Each time a 
fresh bit is used, allow it to square up the end of the hole before turning 
the air full on. 

In horizontal holes and those pointing downward, water is fed as soon 
as a fair start has been made, and assists in keeping the hole clean and 
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bit cool ; the supply may be sufficient to make a thin, liquid mud, or only 
10 lay the dust, between these extremes a point is reached when a thick 
sticky compound results. This should be avoided, and water applied 
either as a spray to lay the dust, or in sufficient quantity to wash out the 
hole. When all the holes have been bored that can be reached from the 
first position of the column, it is fixed in a new place, or the arm swung 
round to enable a fresh set of holes to be bored, with inclination opposite 
to the first. 

When the round is completed, machine and column are taken down 
and carried to a safe distance from the blasting, the machine being covered 
over as a protection from dirt. As the larger sizes make 300 and the 
smaller up to 600 blows a minute, and the motive power is comparatively 
small, good work cannot be done by a dirty, stiffly running machine, nor 
when the bit is not perfectly free to move without rubbing and reaming 
the sides of the bore hole. 

Maintenance. — On every mine where drills are extensively used, 
a fitting shop, or a large section of one, will be set aside for their upkeep 
and maintenance. It will be found a good plan to have each machine 
brought up once a month, that it may be thoroughly cleaned and wear 
taken up before it increases. Most of the wear, especially on exposed 
pans such as the feed screw and nut, is due to the mixture of grit and 
grease in which these parts work ; unless this is cleaned off at frequent 
intervals, both the life and efficiency of the machine are impaired. The 
simplest plan, and one saving considerable labour, is to place the dis- 
mantled parts in a tank of soda solution, kept at boiling point by a steam 
jet, or other means. 

In most machines the cradle is so easily adjusted to the cylinder that 
it may be done by the runner while drilling ; it is important that these 
two parts shall be a sliding fit and yet be without shake or play in any 
direction. Another point equally easily adjusted is at the shoulder of 
the feed screw and the cradle bracket ; many means have been devised 
for taking up the wear between feed screw and nut, but none have stood 
the test of continued usage, the alternative is to make these nuts of some 
simple design, so that they may be cheaply produced and renewed with- 
out much expense. 

At intervals varying with the amount of work done and care bestowed 
on the machine, the piston and ratchet springs require renewal, so too 
do the piston rings ; new chuck bushings will be required — when worn they 
fail to hold the shank of the bit concentrically with the piston. Drills 
will wear, but should not break or get out of adjustment, and with so 
many good makes to choose from, there is no place but the scrap heap 
for those seen every week in the repair shop. Many of the minor repairs 
are owing to the unnecessary force with which drillers tighten up the nuts 
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and screws ; in tightening two metal surfaces together there is nothing to 
"give," or yield, and stripped threads are the result, 

A lathe is an almost indispensable tool and should be large enough 
to rebore a cylinder or turn a piston rod ; on many mines repairs are 
carried to the extent of rebuilding worn machines and even constructing 
new ones. In case of emergency twist nuts may be cast on a twist bar, by 
coating the bar well with thick whitewash, and warming it before pouring 
the brass around it. The facilities to be provided for such work will be 
decided by the cost of imported supplies as against local labour. 

Electric and other Drills. — Although the percussive air drill is 
practically the only one used in gold-mining, rock may also be perforated 
by other means, and electricity, petrol, or water replace air as the motive 
power. The boring may be done in three ways — (i) by a percussive action 
derived from a reciprocating motion, (2) by percussive action from a rotary 
motion, and (3) by a rotary motion from a rotary motor. 

In the last class the rotating bit usually takes the form of an auger or 
twist drill, and has given good results in the softer measures, such as coal 
and some ironstones. A machine of this description, working in an iron 
mine, bored ninety holes of an average depth of 4 ft. in a shift of eight 
hours, power being supplied through a length of flexible shafting from an 
electric motor developing 4 H.P. If such results could be guaranteed in 
gold-mines, the air drill might be sought for in museums. 

When the rotating steel bit is applied to hard rock the feed pressure 
increases and the rate of rotation decreases ; this may be noticed in the 
Calyx machine and in the Brandt drill, so extensively used in the Simplon 
Tunnel. As far as its action is concerned, the latter machine somewhat 
resembles a diamond drill without the diamonds, the drilling bits being 
hollow and furnished with teeth at the cutting edge. The bit is rotated 
eight times a minute by hydraulic power, and fed forward by a pressure 
of 10 tons, a constant flow of water being maintained through the tube. 
The trepanlike teeth seem to crush, rather than cut, the rock ; the average 
rate of boring is 12 ft. an hour in hard gneiss, each drill requiring from 
5 to 6 H.P. 

The weight of the supports necessary to resist the heavy feed pressure 
would prevent this class of machine from being applied to ordinary mining 
work. 

In the drill with percussive action derived from a rotary motion, our 
old friend the hand-power machine turns up in a new guise, and has en- 
listed both electricity and petrol to do the work for which the human frame 
is ill adapted. Petrol is evidently unsuited for use underground, both on 
account of the heat evolved and the fact that the exhaust would need 
piping to surface. It still remains to be proved whether electric machines 
can be made both portable and reliable ; perhaps managers would not be 
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SO conservative in testing new ideas if inventors were less prone to perfect- 
ing them at other people's expense. 

Reciprocating Electric Drills exist in several forms— the Edison, 
Sandycroft-Marvin, Van Depoele, and others ; they are much alike in 
appearance and action, having the cradle, ratchet gear, and feed motion of 
the ordinary air drill. The bit is attached to a piston attracted to atiernate 



Fig. 67.— San»lycrofl-Man-in Electric Drill. 

ends of the cylinder by solenoid coils under the influence of an alleinating 
current. Since the strokes of the drill are synchronal with the alternations 
of the current, their number in a given time is fixed, or can only be altered 
by varying the pulsations of the current ; but the length of the stroke is 
capable of wide and instant alteration. 

At the rear of the cylinder and in front of the ratchet wheel, a coiled 
spring is placed, which acts as a buffer and assists the starting of the piston 
on its forward stroke. 
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One trouble common to drills of this type lies in the heating caused by 
rapid reversals of the current ; this means loss of power and effect, possible 
damage to insulation, and in any case additional heat can be dispensed 
with in most gold-mines. 

The working parts are well protected and the actual wear light, the con- 
ductors being the parts most likely to suffer from dampness ; on the other 
hand, the machine is heavier and does not bore as quickly as an air drill. 
The weight varies from 400 to 450 lbs., the feed length is generally 24 in., 
strokes from 300 to 600 a minute, voltage varying from no to 220, H. P. 
required from three to eight. 

Boring Bits. — The compressor may compress and the rock drill 
pound to no purpose if the bit fails to keep its edge and its gauge, and it 
will be advisable to consider in somewhat greater detail these important 
tools and the treatment they receive. This is the more necessary as the 
duty of keeping them in order falls on smiths, who may, from want of ex- 
perience or lack of instruction, be led to adopt the shapes and patterns 
common to hand drilling. 

Each individual bit must be correctly shaped and tempered, and the 
first step towards uniformity in temper is the adoption of one brand of steel 
for use throughout the mine ; it is impossible for any sharpener to obtain 
uniform results when several brands of different quality are daily passing 
through his hands. 

In selecting a steel, the best will generally be found the cheapest in the 
end, and although it may not seem advisable to place steel worth ^50 or 
j(^6o a ton in the hands of inexperienced men, even then it is better to 
educate them to the care required in handling a high grade steel, rather 
than adopt an inferior quality. 

The welding steels have special advantages in mining work, they are 
not ruined by a little extra heat, worn-out bits can be joined together, even 
scraps come handy for steeling picks and other work which the smithy may 
fall back on in case of temporary slackness. 

Although made from one brand, the bits will not be all from the same 
size stock ; it would require too much upsetting to make i|-in. bit from a 
I -in. bar, and the grain of the metal would suffer in the process. The 
starters and followers may be of ij-in. steel, the intermediate lengths of 
i^ in., and the longest formed from i^ or i-in. bars ; the l-'m, steel used in 
hand drilling is crippled by any machine with a cylinder over 2 J in. in 
diameter. The depth bored by each bit will vary from 8 to 18 in., 
according to the hardness of the ground, and the difference in length 
between successive bits will be 12 or 15 in. The difference in gauge 
is determined in the same way, in hard ground it may be J in , while 
in soft, J in. is sufficient ; the longest bit is usually i J in. wide, ensuring 
an easy fit for the dynamite cartridge. As the diameter of the hole may be 
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increased with very little loss of speed, it is questionable whether this 
might not be done, with the advantage of compressing the charge and 
obtaining concentrated effect at the end of the hole, where it is most 
required. 

The best form for all round work is the plain cross bit ; a little extra 
care is necessary in sharpening it, but each should do at least half again 
as much work as a chisel bit. 

This is evident when we consider that the amount of rock to be 
removed in each hole increases towards the circumference, and in the 
chisel bit no provision is made for this extra work. In this bit, too, the 
maintenance of gauge depends entirely on the two extreme corners. The 
cross bit may be considered as two chisel bits at right angles to each other. 



7 
7\ 





B' 




Fig. 68. -Drill Bits. 



and presents twice as much cutting edge and has twice as much metal to 
wear away before the gauge is diminished. 

The edges of the cross bit should be perfectly flat on their cutting faces ; 
the rounded or "cock's comb" shape common in hand drills does not 
keep its gauge, glances from the rock unless the blow is delivered perpen- 
dicularly to the face receiving it, and is easily deflected when passing 
obliquely through strata of varying hardness. 

The slope of each lip towards the cutting edge will be 40" to 45", de- 
pending on the hardness of the rock, making the total angle 80" or 90" ; it 
is better to have a comparatively obtuse angle which will be retained, rather 
than a more acute angle which loses all sharpness in the first dozen blows. 
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Such a bit, for instance, as No. 2 in Fig. 68, copied from a standard work 
on mining, and purporting to be a typical bit, would be useless both in 
hard and soft ground, as it could not keep its edge in one, and would stick 
in the other. Another serious objection to this form is, the gauge depends 
on the wear of four corners which have been thinned and weakened 
until little metal remains, as may be seen in the edge at right angles to 
A B, No. 2. 

Bit No. 3 is the result of careless sharpening. Instead of upsetting and 
strengthening the whole face, the smith has drawn out, thinned, and 
weakened each rib of the cross ; such a bit possesses in a modified degree 
all the bad features of No. 2. 

No. I shows a well-made bit, and attention is particularly drawn to the 
plan, where each rib is seen to lie flat on its outer face, leaving e"ght 
massive corners to ream the hole and maintain the gauge of the bit. 
Many an otherwise good drill is spoiled in this respect, and sharpeners 
seem to think the outer surfaces of the ribs should be rounded because the 
bit works in a round hole. The clearance in No. i might be slightly 
increased if the cutting edge were wider in proportion to the diameter of 
the bar. The same shape holds good for chisel bits, the cross rib being 
wanting in this case. Theoretically the edges of an X shape bit are less 
likely to strike twice in the same place and rifle the hole, but the advantage 
is not worth the extra labour in sharpening such shapes. 

Where several sharpeners are employed it is advisable to keep each 
on one size of bit as far as possible ; he will then have at hand the particular 
swages, dies, and gauges required. 

Steel is easily injured if carelessly treated in the fire. The chief things 
to guard against are — too fierce a fire, heating the outside of the bar before 
the inside ; an irregular heat, often due to the blast impinging on the bit ; 
prolonged soaking in the fire ; and a fire that is either too small or nearly 
burned out. 

The forging heat varies in different qualities of steel, a full red in some, 
a yellow red in others ; welding steels offer most latitude in this respect. 
All qualities, however, if heated under proper conditions, may be raised to 
temperatures which would be injurious if carelessly applied. 

Even a well-formed bit will be unsatisfactory if badly tempered ; there 
are seveml methods of hardening, the degree of hardness imparted to the 
cutting edge depending principally on the temperature of the steel at the 
moment it is quenched. There are several good reasons for hardening 
directly sharpening is finished, known as " plunging off the anvil," but the 
great objection to the plan is that no particular temperature can be assured 
at that moment. To secure uniformity, therefore, it is best to reheat the 
steel, but the heat should be short, the object being to provide a hard 
cutting edge with a tough backing. Even when care is taken, the length 
heated is generally in excess of that to be hardened, and if the bit is 
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cooled, the last i J in. at least at the end will be found hard, and more or 
less brittle. This may, in a measure, be rectified by decreasing the degree 
of hardness, a process known as tempering. When the hardened bit is 
again heated, the hardness passes off, not all at once, but gradually, each 
successive stage of decreasing hardness being recognisable by the colour 
on the surface of the steel. These colours show up vividly on high grade 
steels, and faintly on poor qualities ; in each case they are easier to discern 
if the surface of the metal is brightened. On being heated to 440' Fahr. 
the bit, which was when dead hard of a greyish white colour, begins to 
tinge with yellow, and the softening process should be stopped by quench- 
ing in cold water ; the same colour serves also for hammer heads. If the 
heating is continued to 470' Fahr., the colour will be full yellow, or straw 
colour ; at 490* Fahr. an autumnal shade of yellow brown is seen ; both 
these colours are suitable for metal turning tools. The full brown, or 
copper colour, at 510° to 520° Fahr., is used for taps, dies, and axes; the 
purple blue at 540° Fahr. for chisels, cutlasses, and knives ; at 600** Fahr. 
is the full blue spring temperature for saws, and if heated beyond this 
point the effect of the original hardening is lost. 

The temperature to which drill bits should be let down is therefore 
440" Fahr. ; a degree of heat which can be secured by placing the hardened 
bits in a molten mixture of one and three-quarter parts lead and one part 
tin. There is not the slightest doubt that an excellently hardened drill 
results from this system of tempering, but unless the above hardening bath 
is used, the time occupied is an objection. The smith has to watch the 
slowly heating bit for the required shade of colour, and be ready to cool 
it when that shade is reached. To meet this objection, the following 
alternative plan is offered, the product is equally uniform, and the 
author has employed it with great success, having first noticed the idea in 
Colorado. 

The hardening tank is provided with a diaphragm of coarse wire gauze, 
placed horizontally and supported at frequent intervals to keep it quite 
level ; the cooling water enters near the bottom of the tank, and the over- 
flow IS fixed so that the water shall cover the screen to a depth of half an 
inch. Racks are placed above the tank to hold the drill shanks in a 
vertical position. The heated bit is simply placed in the tank where it 
rests on the wire gauze, only the last ^ in. of cutting face being below the 
water, and is maintained in an upright position by the rack. If a bar of 
steel I in. in diameter were treated in this manner, it would stand a chance 
of being ringed at the water level ; but owing to the thinness of the ribs 
this will not occur to the bit, provided it is not overheated. The thin 
tumbler stands boiling water, while the thick one cracks ; the heated end 
of the bit is in contact with a comparatively small body of water, and 
the thin ribs conduct the heat and prevent any sudden contraction or 
" ringing." 
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The Diamond Drill is the modern telescope, enabling the miner to 
B beyond the point of his pick," to locate and prove the continuity and 



extent of ore bodies, and (o obtain s 
The duty of this machine is to get s; 



a of their probable richness. 
mples from inaccessible places, and 
for this purpose it is provided 
with tubular drill rods armed 
with a diamond-set crown on 
the lower end ; this rim, or 
crown, cuts an annular hole, 
leaving a centre piece, or core, 
which can be withdrawn, more 
or less intact, as the sample. 

In South Africa the machine 
has been chiefly employed in 
boring from surface, to prove 
the underlying reefs, and on its 
indications large amounts of 
money have been spent in shaft 
sinking. There is little doubt 
much of this deep sinking would 
have been at all events deferred, 
but for the information alTorded 
by bore holes. 

But the value of the 
diamond drill as a. prospector 
is by no means confined to 
surface work, t[ is equally im- 
j>ortant underground as a 
medium for testing the country 
surrounding existing workings. 
This is specially the case when 
ore bodies of patchy values and 
irregular formation have to be 
dealt with, and in Colorado, 
West Australia, and other 
K„. 69.^S.]1iv.n ■•!;•■ Drill mom.. .J an ^.^^ntries, the drill has largely 
columns for undcrgnmnd mirk. C.ipacily, . 

400 ft.: «.r«, IS in. dinmcierj weighi Superseded cross-cut ling, 
complele, 580 lbs. ; weighl of lieaviesl The machine itself contams 

piece, 125 lbs. the mechanism for three sejia- 

rate actions, rotating, feeding, 
and withdrawing the drill rods; the motive power may be steam, com- 
pressed air, or electricity, the motor being supplied with the drill in cither 
case. The pump is usually included in the outfit, leaving only power and 
water to be supplied. 
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Although the description applies to any form of drill, it refers more 
especially to those made by the Sullivan Manufacturing Company of 
Chicago, who turn out drills of between twenty and thirty different 
capacities, and who have themselves carried out many important boring 
contracts. As the result of having the machines constantly at work under 
their own supervision, matters of detail and construction have been 
improved until the diamond drill of to day is as nearly perfect as the 
bicycle and typewriter. The Sullivan " E " drill is illustrated in Fig. 69. 

The whole machine is mounted on a cast-iron base-plate resting on a 
wooden fiame ; it is not rigidly attached to this base-plate, but can be racked 
back out of the way of the rods when they are being hoisted. The engines 
are placed vertically, and in all but the smallest sizes have double cylinders ; 
if electricity is used, the motor is wound for 1 10, 220, or 550 volts, 
other voltages being arranged for by special winding. The drill rods are 
always driven through bevel gear, consequently they may be turned in any 
direction around the central bevel wheel, and holes bored at any required 
angle. The hydraulic feed gear is particularly neat, and consists of a 
vertical water cylinder fitted with a piston and hollow rod through which 
the drill rods pass. 

This piston, of course, does not rotate with the rods, but is connected 
to them by an overhead ball bearing. The cylinder is filled with water 
both above and below the piston, and no matter how great the pressure 
above may be, the piston cannot descend until some of the water beneath 
it is displaced. The entry and exit of the water are adjusted by two 
valves on each side of the cylinder, and the drill runner can therefore 
regulate his feed to any required pressure. It will be seen the rate 
of feed is in no way a fixed quantity, all that is done is to apply to the 
piston such pressure as the rock requires, leaving the bit free to advance 
as it cuts. 

A gauge on the hydraulic cylinder shows the total feed pressure, and 
also indicates the resistance opposed to the progress of the bit ; while the 
water under the piston prevents the rods from falling should a cavity be 
struck — at the most they can only fall an amount equal to any play in the 
ball thrust bearing. That an unlimited range of feed pressures is required 
in work of this kind is evident when it is considered that, in addition to 
any changes in the hardness of the rock, the drill rods are always varying 
in weight. When the hole is shallow the weight of rods may be insuflficient 
to cause the bit to cut ; as the hole deepens and rods are added the amount 
of pressure required decreases ; later on the rods are of more than sufficient 
weight and some of it must be taken off the crown by the water beneath the 
hydraulic piston. In some of the smaller drills the hydraulic arrangement 
is replaced by a differential friction driven feed, the pressure being adjusted 
by regulating the tension of the spring acting on the friction washers. The 
rods are held and driven by a clutch, to their upper end is fastened the 
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water swivel and hose connection, while to their lower end the core barrel, 
extractor, and crown are attached. 

Erection. — The only foundation required is a firm and level platform 
to carry the machine ; this is obtained by four mud cills, each about 8 in. 
square by 12 or 14 ft. long ; they are well bedded, levelled up, and covered 
with a floor of 2-in. planking. These cills should be so laid that the weight 
of the drill comes on two of them, not on the flooring. The floor is roofed 
over, a space being left for the rods to pass through ; in cold climates the 
floor space is housed in as a protection to the men employed. 'J'he derrick 
by which the rods are raised and lowered is now placed over the bore hole ; 
for bores of 500 or 600 ft. in depth, a tripod 35 ft. high is sufficient. As 
the depth increases a constantly increasing proportion of the time is occu- 
pied in raising and lowering the rods, and the shorter the length of rod 
dealt with at one time the longer the whole operation takes. 

In all deep boring the height of the derrick becomes an important 
factor in determining the rate of progress, and it should permit rod sections 
50 ft. in length being disconnected at a time. These high derricks may be 
built of timber, but if many bores are to be made, the tubular steel structure 
illustrated in Fig. 72 (p? 177) soon pays for itself; not only is their total 
weight much less, but the various sections do not greatly exceed i cwt. 
each. They are constructed entirely of stout steel piping held together by 
steel joint pieces, no screwed threads being used. 

Another factor affecting the rate of deep boring even more than the 
height of the derrick is the length of the core barrel ; this, provided the 
crown stands, determines the depth that can be bored before hoisting the 
rods, and consequently the number of hoists required in any given increase 
of depth. 

When the necessary water and steam connections have been made to 
engines and pump, everything is ready to start drilling, provided the rock 
outcrops. But the surface is usually covered with a considerable depth of 
earth, sand, gravel, and decom|)osed rock, which would cave and fill the 
borehole. These strata are bored through with a chopping bit, worked 
from the engine by a rope around the hoisting barrel, and the hole lined 
with pipe ; the driving is done by screwing a drive-head on the upper end 
of the pipe and letting a weight fall on it. The weight is lifted by the 
engine, the action being similar to that of a pile driver. 

Even when these upper strata are passed through, there may still be 
several feet of broken rock, pieces of which might fall into the bore; this 
is bored through with a large crown and lined with casing pipe dropped 
inside the drive pipe. 

When this casing is firmly jointed to the solid rock the usual routine of 
boring commences, the diamond-set crown cuts its annular hole, leaving the 
core standing within the tube or core barrel. The core lifter lies within 
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the barrel and is free to slide down over the core but cannot be pulled up 
over it ; when the bore has reached such a depth that the core barrel is full 
(5 or lo ft.), drilling is suspended and the jods lifted. On the first upward 
movement of the rods the core lifter seizes and detaches the core, retaining 
it within the barrel until it is brought to surface. In deep work core barrels 
of greater length are used, 15 and 20 ft. lengths being employed, provided 
the crowns can cut to that depth at one setting. 

A constant stream of water is pumped down through the rods, and 
passing underneath the crown, returns to surface outside the rods, bringing 
with it the sludge and borings made by the bit ; this water may be settled 
in tanks and used again. 

Provided the water returns to surface, a daily supply of 2,000 gals, 
will be sufficient ; but the bore may at any time strike a crack or fissure in 
the rock into which all the water passes, none returning to the mouth of the 
borehole. This contingency should be guarded against by providing a full 
supply of 3,000 gals, daily. 

The bort, or carbons, are usually in pieces from 2 to 3 carats in weight, 
the larger sizes being preferred, as the weight is constantly being reduced 
by wear. The stones should have no decided and prominent angles, as in 
cut brilliants or fragments of hardened steel ; rounded, obtuse angles are 
better, as affording more support to the cutting point. 

The crown is formed of soft charcoal or Swedish iron, set with eight to 
sixteen stones according to the size of the bore ; at least two of the stones 
are set to give clearance on the inside, and two others on the outside of the 
crown, the remainder being disposed so as to cover the cutting face. The 
clearing stones should project about ;/o in. from the crown, cutting a 
clearance space of j^ in. around the rods. 

When setting the crown, the seatings are marked off and bored out 
with a hand drill, the bored holes being afterwards enlarged to fit the 
stones ; when each stone has been well seated, it is fixed in position by 
caulking the soft iron securely round it. In rock of average hardness, a 
well-set crown will bore from 12 to 18 in. an hour; but no correct 
estimate of speed or cost can be given, as the conditions vary not only 
in different districts, but hourly in each borehole. 

The average of sixty bores in metamorphic rock, made in Australia, 
South Africa, and West Africa, is a daily rate of 20 ft., the bores averaging 
570 ft. in depth. The cost of such work is between 15s. and 25s. a foot. 
In bores more than 1,000 ft. in depth the speed falls off, and the cost 
increases to 25s. or 35s. a foot ; these figures do not cover depreciation on 
plant, nor contractor's profit, when the work is done on the contract plan. 
The wear of carbons works out exactly at los. a foot over the sixty bores. 
The cost may be increased by mishaps, such as meeting with broken 
ground, when loose fragments tear one or more carbons from their seat- 
ings; these loose carbons speedily destroy the rest of the crown, and 
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drilling is suspended until they are recovered by embedding them in a 
lead bit. 

Theoretically the bore should be perfectly slraight, but the long line of 
light rods is tasily deflected by oblique strata. The amount of deflection 



Fig. 71,— Sullivan "P" Drill, suilable for a depth of 4,000 ft,, core x in. diameter. 
The general arrangement of the parts is veiy cleaily shown. The engine is on the left, 
the hoisting drum in the centre ; the hydraulic cylinilei is on (he right, surmounted b}' 
the lull thrust beating communicating with the drill rods; the chuck holding the 
rods is shown at rhe liotlom of the hose pipes. 
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is roughly ascertained by magnetic and dip needles immersed in warm 
gelatine solution which solidifies in the borehole; the position assumed 
by the needle with regard Co the glass tube in which it is set gives an 
approximate idea of the deviation. 

The machine shown in Fig, 71 is one of the most powerful made by 
the SuHivan Company, and has put down some of the deepest bores in 
the South African gold 
field, a country in which 
an unusual number of 
deep bores have been 
made in order to locate 
the reef at increasing dis- 
tances from the outcrop. 
The deep bore at IJoorn- 
kloof was carried to a depth 
of 3,20a ft. by the Sullivan 
"N" drill, which has a rated 
capacity of only 2,000 ft., 
and was completed at 
5,560 ft. by the "l"' drill, 
wilh a rated capacity of 
4,000 ft. It will be noticed 
that the Sullivan machines 
are rated well within their 
capacities. When the bore 
was nearing completion the 
rods alone weighed be- 
tween 15 and 16 tons, this 
weight being handled by 
the engine without diffi- 
culty. The boring occu- 
pied fourteen months, an 
average speed of 400 ft. 
a month ; the rods were 
pulled in 50 ft. lengths 

by means of a tubular steel. derrick 66 ft. high. At a depth of 5,000 ft., 
3^ hours were taken in lowering the rods, and from 3^ to 4 hours in 
hoisting them. 

It was the "P" drill also that bored to 5,582 ft. at Springs, near 
Johannesburg, beginning on 1st May 1904 and finishing on 2nd February 
1905, an average speed of more than 600 ft. a month for over a mile 
in depth. 
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Particulars of Sullivan Diamond Drills. 











1 




Weight. 1 


Size of 
Drill. 


Depth of 
Hole. 


Diameter 
of Core. 


Motive Power. 


Boiler. 


Size of Pump. 


including . 
Equipment, 1 
Lbs. Packed. 

I 
1 
















Feet. 


Inches. 




H.P. 






M 


300 


H 


Hand. 


• ■ • 


... 


1,351 


E 


400 


n 


Steam or air. 


, 8 


44x2^x 4 


2,034 


S 


500 


H 


J, »» 


8 


4ix2ix 4 


2,606 


H 


1,000 


li 


f , ,» 


10 


4^x2ix 4 


3»997 


IIG 


1,000 


lA 


», ti 


10 


4^x2fx 4 


3>997 


C 


1,500 


I* 


f» 1) 


12 


6 X4 X 6 


4,556 


B 


3.000 


iH 


,1 »» 


15 


6x4x6 


6,035 


N 


2,000 


2 


»» >> 


20 


7ix4ix 6 


6,703 


BN 


500 


2 


»» If 


10 


6 X4 X 6 


5,721 


CN 


800 


2 


i» »» 


10 


6x4x6 


5,721 


P 


4,000 


2 


j» >» 


1 25 


7ix4^x 10 


10,794 


PK 


5,000 


13 


11 »» 


30 


8 X4 X 12 


19,920 


K 


6,000 


2 


>» >» 


40 


8 X4 X 12 


40,920 , 


R 


300 


Ig 


Electric. 


• • • 


6 x4 X 6 


3,186 ' 


RS 


500 


4' 


a 


• • • 


Triplex electric. 


6,294 1 


RH 


1,000 


tf 


1 • ■ 


1* It 


4,797 

1 



Particulars of Derricks (pp. 174, 177). 



Height. 


No. of Legs. 

_ 


Will Hoiht 

_ 

Feet. 


Safe Working Load. 


Weight of Derrick. 
L»>s. 


Feet. 


Lbs. 


30 


3 


24 


4,000 


1,500 


38 


3 


32 


5,000 


1,900 


38 


3 


32 


10,000 


2,300 


52 


3 


45 


15,000 


4,100 


63 


3 


55 


20,000 


5,400 


52 


4 


45 


18,000 


5.500 


63 


4 


55 


24,000 


7,000 


77 

1 


4 


67 


40,000 


20,000 
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CHAPTER XI. 

CRUSHING MACHINERY. 

Stamp Mills — Selection of Site — Mortar Boxes — Foundation Piles — Screens — Cams — 
Framework — Guides — Stamps — Speed — Order of Drop — Duty — Erection — Amalga- 
mating Tables — Water Supply — Ore Feeders — Rock Breakers — Steam, Pneumatic, 
and Spring Stamps — Grinding — Pans — Settlers — Ball Mills — Tube Mills — Rolls. 

Stamp Mills. 

With the possible exception of the amalgamating machine, in which the 
pulp is to strain through a mass of quicksilver, no part of mining equip- 
ment has received so much attention from the inventor as the stamp mill. 
There are, or have been, one-head stamps, spring stamps, steam stamps, 
pneumatic stamps ; batteries have been made with two cam shafts, one to 
knock the stamp down, the other to lift it up \ and the blow given by the 
revolving stamp has been increased by coiled springs and air cushions. 
Yet the fact remains that the revolving stamp, in practically the same 
form as it was a quarter of a century ago, is universally employed for 
reducing simple ores. 

Improvements have been made within the period mentioned, but they 
affect neither the shape, form, nor action of the machine ; the weight of 
each head has been increased, the single arm cam has disapp>eared, ten 
of them are no longer seen on a shaft, the gear drive and double discharge 
mortar have practically gone ; but the trifling nature of these modifications 
is perhaps the best testimony to the stamp's suitability to its work. 

The strong point of the stamp battery is that it consists of a few 
simple parts, those liable to wear being easily renewable ; and the 
efficiency of the machine cannot be increased by any additional parts 
without detracting from this simplicity. 

There is certainly no part of the whole equipment of the mine requiring 
more careful location than the mill, and it may be that a difference of a 
few hundred feet in the position of the site will materially affect the cost 
of the process. 

The requirements of a good site are — (i) sufficient fall to ensure an 
automatic process and room for disposal of tailings; (2) accessibility for 
ore, fuel, and water supplies ; (3) firm ground, to afford a solid foundation. 
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The fall is of such importance that other considerations are often 
sacrificed to secure it ; if it be insufficient, either the pulp or the tailings 
must be handled before the process is completed, and the cost of treatment 
thereby increased. When once the ore is loaded into trucks or skips, the 
cost of tramming it a little farther or hoisting a little higher is immaterial, 
but a separate handling is quite another matter, entailing expense which 
may be avoidable. In an ordinary mill, fitted with concentrators, pans, 
and settlers, 35 ft. is the minimum fall permitting an automatic process ; 
40 ft. is better still, while 70 ft. will be required if the cyanide process is 
added. It is not necessary that the mill site should slope to this extent, 
as height may be gained by delivering the ore at some distance above the 
ground level ; but no opportunity of increasing this fall should be 
neglected, to provide for the disposal of tailings below the mill. 

Although the weight of water required at the mill exceeds by six to 
nine times that of the ore treated, yet, as the former is easily and cheaply 
handled and is delivered at a lower level, the ore supply becomes the 
chief consideration. Here the distance from the shaft becomes a factor, 
the ideal conditions being attained when ore can be delivered from the 
shaft to the battery bins by belt conveyors. In every case, if the ore 
supply is well carried out, neither the fuel nor the water are likely to 
cause difficulty. 

The firmness of the ground is of secondary importance, as in bad 
footings the mortar piles may be extended in depth, until their own dead 
weight and the side pressure of the ground relieve the bottom from the 
force of the stamp blow. Made or filled ground should be avoided, 
neither should the mill stand on the back of the reef, where the founda- 
tions may be undermined by stoping at shallow levels. 

The area required will be considerably more than that of the building, 
as room will be required for storage of fuel, water,- and possibly for ore, 
settling tanks, and tailings. In laying out the ground nothing of a 
permanent nature should be allowed to occupy space which may be 
needed for extension of the plant, even though such extensions are not 
contemplated at the time. 

Each stamp battery consists of four main parts : the mortar box and 
foundation it rests on, the cam shaft and cams, the framework supporting 
the cam shaft, and the five stamps. 

Mortars. — The duty of the mortar is to provide a firm bed for the 
dies, to hold the screens, and to retain the pump until of sufficient fineness 
to pass through the screens. Mortars which are narrow in width increase 
the rate of discharge by bringing the screen nearer the stamps, so that the 
pulp is not only washed, but to some extent driven, through the perfora- 
tions. This cannot be done without exposing the screen to greater risk 
of injury. 
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The rate of discharge is also affected by the distance from the top of 
the die to the bottom of the screen ; the closer these are together the more 
the blow of the stamp tends to drive the pulp through, and also to injure 
the screen by flying fragments of stone. As this distance increases with 
the wear of the die, mortars are sometimes provided with loose false 
bottoms, on which the half- worn dies can be packed up. 

Amalgamating plates were formerly fitted inside the mortar, and are 
still used where the ore contains coarse gold ; but the modern tendency is 
to use the stamp battery more as a crushing machine, and to make the 
gold extraction a separate process. The lower part of the mortar, ex- 
posed to wear by the friction of the pulp, is usually lined with steel plates 
about an inch thick, each set lasting a year on the average. 

Mortars can be sectionalised for convenience in transport, and the 
bottom part built of several pieces with machined faces, held together by 
longitudinal bolts turned to a driving fit into reamed holes. The upper 
part, or housing, is made of boiler plate. A diflficulty is found in securing 
the upper and lower parts together, since neither bolts nor rivets will stand 
the vibration. The only plan that has proved satisfactory is to provide a 
dove-tailed groove 2 J in. deep around the bottom, to drop the housing 
into this groove, and secure it by a caulked rust joint. 

The foundation piles or blocks on which the mortars rest are gene- 
rally composed of eight timbers, bound together at the top and bottom so 
as to form a block about 27 in. from front to rear, and 5 ft. if measured 
in the direction of the cam shaft. The length must be such as to allow 
the lower end of the block to rest either on rock or compact picking 
ground. In order to avoid side settlement, the depth below ground should 
always be at least twice the height above the surface. These piles are 
either supplied with the battery, or obtained locally where timber is 
abundant. 

Screens. — No screens present so large an area of discharge within a 
given space as those made of woven wire. They are not, however, 
generally used, as the wires are easily displaced, closing some of the dis- 
charge openings and enlarging others. 

They are also easily broken ; when made of iron or steel they are 
liable to rust, while brass and copper are unsuitable if mercury is fed to 
the mortars, as their openings become blocked with amalgam. The life of 
a wire wove screen is from ten to twelve days, but the life of a screen 
should not be reckoned in days, rather by the tons of correctly sized pulp 
it has discharged. 

Russian iron or sheet steel is preferred on account of its greater 
strength ; when punched with round holes the gauge is known by the 
number of the sewing needle fitting the perforation, or by the number of 
perforations to the square or linear inch. Slotted screens generally have 
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the number of their gauge stamped on the margin ; those of 30, 40, and 
50 gauge being commonly used. 

When the battery acts as the gold saver, the gauge of screen employed 
must ensure the fine gold being liberated from the gangue, with a mini- 
mum of sliming the pulp and flouring the gold. 

As the discharge takes place almost entirely from the lower 6 inches 
of the screens, they are usually turned upside down at the end of a 
fortnight ; even if not broken by a month's use, the perforations will be 
enlarged beyond the gauge required. 



Screen Table. 



No. of 

Needle. 



5 
6 

7 
8 

9 
10 

II 

12 



Mesh. 



20 

25 

30 

35 
40 

5S 

60 



Width of Slot. 






Weight per 
Square Foot. 



I-I5 
1.08 

0.987 

0.918 

0.827 

0.73s 
0.666 

0.666 



Cams. — The proper curve for the face of the cam is the involute of a 
circle whose radius is the distance from the centre of the cam shaft to 
the centre of the stem ; the lift of the cam will then be in the centre of 
the stamp stem, and no pressure thrown on the guides until the toe of the 
cam has passed the centre line of the stem. The distance between the 
cam shaft and stem is therefore fixed in the design of the cam, and if it is 
altered by wear of the guides, or guides of incorrect thickness, the lift will 
no longer be in the centre, and friction will result. 

When the arm of the cam, in the course of its revolution, strikes the 
tappet, the stamp is not lifted with gradually accelerated velocity, but is 
moved with almost maximum speed The impact of these two un- 
yielding surfaces causes vibration, and even fracture of the shaft. This 
danger is increased the farther the point of contact is from the root 
of the cam ; the radial length of the cam arms should not therefore be 
longer than the lift requires ; that is to say, a cam designed for a 10-in. 
lift should not be used for a yin. The stamp does not fall immedi- 
ately the cam has parted from the tappet, in fact at high speed it con- 
tinues the upward motion imparted to it, until at ninety-five drops a 
minute a 7-in. drop results from a 6-in. cam lift. 

The lift provided for by the cam varies in different localities, lifts 
of 15 in. and 18 in. being still used in some parts of Colorado and 
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Australia, and it is claimed that they are necessary for the ore treated. It 
is generally noticeable that batteries with such excessive drops are seldom 
provided with stone breakers, and the battery has to deal with a particu- 
larly coarse feed. Modern practice tends towards a high speed and 
short drop. 

A spare shaft with cams mounted on it is usually kept ready in every 
mill. This is more to guard against accident, as the life of a properly 
lubricated cam is eight to ten years. 

As the cams are double armed, every revolution of the shaft causes 
each stamp to drop twice, or five stamp-drops for each half revolution, 
and the keyways in the cams must be placed so as to effect this drop in 
proper order and sequence. When this order of drop has been decided 
on, each cam is suited to only one position on the shaft. An additional 
keyway, fitting the cam for another position, may easily be cut by mount- 
ing the cam on a spare shaft and drifting out the groove required in the 
bore; the drift being backed up by an additional thickness of tin or 
galvanised iron after each cut. Keys may, however, be dispensed with 
and the cams secured by curved wedges, the cam by its own action tend- 
ing to fasten itself more firmly on the shaft. 

Framework. — The chief parts of the framework are the three 
battery posts, which support the cam shafts, and are braced together by 
the guide bearers and guides. Each post rests on a solepiece, in turn sup- 
ported by four mud cills. When ore bins are fitted, the posts are braced 
back to them, otherwise they are supported by inclined struts placed at the 
rear, so as to permit free access to the amalgamating tables. Pitch pine is 
the timber generally used when the framing is supplied with the mill. 
Iron framing is no longer employed ; it was formerly preferred for countries 
where white ants are found, but the constant vibration of the framing 
affords sufficient protection against this pest, and timber may safely be 
used in such localities. 

The Guides. — The upper and lower guides are supported by the 
bearers connecting the battery posts. As already explained, there should 
be no pressure on the guides until the toe of the cam has passed the 
centre line of the tappet, when the lift becomes a radial one. Guides may 
be made of any tough hardwood. Before the holes in which the stems 
work are marked off, packing pieces about ^ in. thick are interposed 
between the two halves of the guides, so that wear may be compensated by 
reducing the thickness of these strips. It is advisable to overhaul the 
guides every month, as when once play has developed it readily increases, 
until heads and shoes are knocked off and stems broken. After the 
packing strips have been entirely removed, wear can be taken up by 
dressing down the guide faces, but this must be allowed for by packing 
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up the back guide, or the distance between shaft and stem will be 
altered. In a few districts, iron guides lined with white metal are still 
in use. 

The Stamp. — The stamp consists of the lifter, tappet, head, and 
shoe ; the total weight of these combined parts was formerly about 850 
lbs., but has gradually been increased until a heavy stamp is now between 
1,000 and 1,600 lbs. in weight. 

The stem, which works in the guides, is parallel throughout except for 
a length of about 6 in. at each end, where it is turned to a taper of one 
in twenty, the hole in the head being bored to the same taper. 

The tappet is bored to fit the stem, and secured to it by two or three 
keys acting on a gib. It is very necessary to see that these key ways are 
so placed that the keys may press on the gib, and not bind in the key ways, 
merely tending to split the boss of the tappet. 

The head is bored to fit the stem, and provided with a drift hole for 
removing the stem. When once well set, the stem can seldom be 
detached in this way, and either heat or dynamite is used. The lower 
part of the head is furnished with a recess which should correspond 
in taper with the shank of the shoe. If these do not correspond, wedge 
shaped, instead of parallel, packing strips must be used to secure the 
shoe. When the shoe is thin, the lower part of the head is worn away 
by friction of the pulp in the mortar, and is finally split by the tapered 
shank of the shoe. 

Where the cost of transport is considerable, steel shoes and dies are 
preferred to those made from cast iron. The wear falls chiefly on the 
shoes and dies, more on the former than on the latter, as the shoe strikes 
with a clean face, while the die is protected by the pulp. 

Speed. — The number of drops a minute depends on the length of 
drop, and partly on the proportions of the cam. If driven too fast the 
stamp will be "cammed," or caught again by the second arm before its 
fall from the first is completed — a danger that is increased by using cams 
with arms longer than the fall requires. 

A rapid drop assists discharge, by keeping the pulp in constant 
agitation within the mortar, and most mills are now driven from 85 to 95 
drops a minute. At the higher rate the lift is limited to 7 in., and is 
further diminished if the speed is increased ; it follows that the effect of 
each blow would be less, unless weight is added to the stamp. As 
instances of extremes of practice, mills are running at forty 15-in. drops a 
minute, while others make from 100 to 105 drops a minute daily. 

Order of Drop. — Opinions differ on this point, and there is certainly 
no specific order that is best under all conditions. 
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In arranging the stamps to fall in some particular rotation, the object 
is to secure an even distribution of pulp within the mortar and an even 
discharge from it ; and the results obtained by any particular succession 
may be modified by altering the position at which ore and water are fed. 
As a general rule the ore is delivered by the self-feeder to the centre of the 
mortar, and the task of distribution is thrown primarily on the middle 
stamp. If the stamps on each side of it are on their dies when the centre 
one falls, the splash of pulp will be obstructed in each direction ; neither 
of these, therefore, should be the last to fall. 

The order, 5, 3, i, 4, 2, fulfils these conditions and is extensively used, 
as also are i, 5, 2, 4, 3, and 1,4, 2, 5, 3. 

If the order in use does not afford an even distribution, it may be 
improved by feeding the ore or water at a different point, or by giving 
increased drop to the stamps that get more than their share of pulp. Thus 
in the order 3, 4, 5, 2, i, the three heads on the left fall consecutively from 
left to right, and tend to block up the remaining two ; this might be 
rectified by feeding towards the left of the mortar, or by increasing the 
drop of I and 2. 

It is evident, then, that a sequence that has afforded good distribution 
when the battery was hand fed may no longer give satisfaction if self- 
feeders are introduced. In hand feeding the stamps can be humoured, in 
machine work they are supplied only at one point and left to carry out 
their own distribution. 

The Duty. — No millman will agree with the oft-printed statement that 
the duty or output of the battery depends on the area of discharge ; no 
matter how large the screen surface, it is impossible that every particle of 
pulp in a body some 5 ft. by 15 in. shall be free to escape directly it is 
fine enough to pass through the perforations in the screen. 

Enlarging the screen area does not substantially increase the rate of 
discharge, and, experimentally at all events, a mortar with the usual screen 
surface has been found capable of discharging twice the quantity crushed 
by any gravitation stamp battery. 

When the gold extraction is a separate operation from the crushing, 
the output of the battery is limited only by its capacity for crushing, but 
when the operations are combined in one process, the duty of the batter)' 
may be limited by tlie capacity of the amalgamating tables. The term 
" duty " refers more particularly to the number of tons crushed per stamp 
in twenty-four hours, and is affected by several factors, which are here 
given, as nearly as possible, in the order of their importance : — 

I. The character of the ore, clayey tenacious ores being the most 
difficult to treat, friable ores the easiest ; a hard ore being more rapidly 
crushed than one which is tough or ductile. 
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2. The size and number of the screen perforations. 

3. The number of drops per minute \ 

4. The weight of the stamp > = horse-power employed. 

5. The height of the drop / 

6. The height of the discharge above the dies, and the distance 
between the screen and the stamp. 

7. The quantity of water used per ton of ore. 

The output is not increased by reducing the ore to any smaller size 
than that afforded by a good stone breaker ; even when fed with sand and 
gravel the duty is not increased. The reason seems to be that the blow 
does not take effect on the projecting angles of a comparatively few pieces 
of stone, but is cushioned by being received by an even layer of pulp 
spread over the whole face of the die. 

Since the number of drops has not been increased and the screens are 
the same gauge, it is mainly the additional falling weight that has raised 
the duty of the modern stamp to from five to seven tons per twenty-four 
hours, as against two tons crushed by the 850-lb. stamp. 

Before describing briefly the erection of a stamp mill, it is well to 
emphasise the fact that the soul of the mill lies in its foundations, and that 
its life and total output depend on the care bestowed on this important 
and hidden part of the work. Repair is impracticable, total re-erection 
the only remedy for faulty workmanship or bad material. 

Erection. — As the site will probably be on sloping ground, the first 
step will be to grade to the levels of the various floors, working from the 
height at which the ore is to be delivered as a datum. 

The battery floor will be graded to the level of the bottom of the mud 
cills, and will be subsequently raised a foot or more by filling around these 
timbers ; the concentrator floor will be brought to the right distance 
beneath the battery level, and the vat floors also graded to their proper 
height. While this work is in hand it is often advisable to take out enough 
ground for an additional battery. 

The centre line of the mortar blocks, as shown on the general plan, 
will be laid off on the battery floor and permanently marked by posts set 
at least 6 ft. distant from the ends of the foundation pit. 

These posts should stand above the ground at least as high as the tops 
of the mortar blocks ; when the nails on their tops are not in use they 
should be covered with a piece of plank, as the line joining them will be 
the datum from which all horizontal angles and measurements are made, 
both for the mill and the motive power. 

From this line the foundatic n pit can be marked off and excavated as 



CRUSHING MACHINERY. 1 87 

a trench extending the whole length of the mill, the width of the trench 
being sufficient to allow working room on each side of the mortar blocks ; 
about 2 ft. on each side will do. The excavation must be carried down 
until the bottom is on rock, or in hard pick ground ; when the piles are 
supplied with the mill the pit may require extra depth in order to bring 
the tops of the piles to the correct level. The bottom of the trench is 
then carefully levelled. As a rule concrete is not used, and if the 
pit has been carried to a greater depth than the piles allow for, this 
material may be employed to make up the difference ; if used, the layer 
should not in any case be less than a foot thick. When the bottom of 
the trench has been worked as nearly level as possible, a thin layer 
of sand fills up little inequalities and affords a fair surface to receive 
the piles. 

These piles are now lowered into the pit and bolted together, the 
blocks for the different mortars are spaced the right distance apart and 
lined up with the datum line, the height of the posts enabling this line to 
pass over the tops of all the blocks. 

When correctly placed, the mortar blocks are seldom bedded around 
with concrete, but the material dug from the trench is filled in again, in 
layers about 6 in. thick, each layer being damped and well rammed. If 
this is thoroughly done there will be no settlement either in the blocks or 
in the ground around them. 

If the tops of the mortar blocks are not all of the same height, they 
should be worked down until all are even, the finished surface of each 
block showing just perceptibly hollow when a straight-edge is laid across 
it from front to rear. 

The batteries would work just as well if the mortars stood at diflferent 
levels, but the cost of making them uniform in height is trifling, the laying 
out of other work is assisted, and the general effect improved. 

The framework is taken in hand next, and the mud cills placed in 
position, two in front of, and two behind the mortar blocks ; they are roughly 
levelled, squared with the datum line, correctly spaced, and adjusted fore 
and aft until the bolt holes are the right distance from the centre. In a 
mill which ran regularly at 103 to 105 drops a minute, these cills were 
replaced by concrete foundations 6 ft. deep. The frame, if of the ordinary 
A shape, may now be put together, the post, sole-piece, and strut being 
well tightened, and the complete frames raised into vertical position be- 
tween the blocks. When the framing is connected with the ore bins, as 
in P1g. 73, the main posts of the batteries and the framing for the bins 
are erected together, and braced as the work proceeds, the front posts of 
the bin frames being generally footed on the battery sole-pieces. In very 
sloping sites the retaining wall is sometimes brought forward to support 
the fronts of the bins, but such an arrangement leaves a cramped feeding- 
floor. The three posts for each battery may be braced together by the 
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top guide bearers, but no bracing should be tightened up until the final 
adjustments for level and position have been made. 

The cam shaft bearings are now bolted up and levelled by adjusting 
the height of the mud cills. As the battery posts now prevent the datum 
line from being stretched over the mortar blocks, a parallel line must be 
set off, from which the cam shaft bearings are located. A preferable plan 
is to trace the original line across the top of each mortar block before 
erecting the battery posts; it is then easy to plumb to this line from a 
staff placed against the sides of the cam shaft bearings. These two centre 
lines, that of the cam shaft and mortar block, will be parallel, but will not 
coincide, since they are distant from each other the semi-diameter of the 
generating circle from which the face of the cam was struck out. 

The bearings for the lirte shaft are now bolted to the sole pieces, the 
mud cills well packed underneath with broken stone, and the floor around 
them filled in and rammed solid. 

The mortars are lifted on to their blocks by tackle suspended from the 
upper guide bearers ; they are adjusted until their centres are parallel with 
and the right distance from the centre of the cam shaft, when the holes 
for the bolls securing them to the blocks may be marked and bored. A 
template of the bottom of the first mortar may be tried on the others, and 
if all the bolt holes are similarly spaced, the remaining blocks may be 
marked off from the template. 

Particular care must be taken that the mortar does not bear hardest 
on the centre of the block ; if so, the block requires easing in the centre, 
otherwise the mortar will rock with the fall of the stamps, and no amount 
of screwing down will prevent its doing so. A sheet of rubber or tarred 
felting is interposed between the mortar and the block to afford an even 
bearing surface, and prevent water from leaking down among the piles 
or into the end grain of the timber. 

All the principal parts of the battery proper are now in position ; the 
remainder of the work is a mere assembling of details. 

The cam shafts may be hoisted into their bearings, and when the holes 
for the stems are correctly spaced in the guides, the cams may be keyed up 
before the shaft is lifted ; if, however, the guides have been made at the 
mine, it will be safer to set the cams after the stems are in position. 
Before placing the tappets on the stems, it is well to drive the keys fully 
in, and see if the gib projects a sixteenth of an inch into the bore of the 
tappet ; each tappet should be an easy sliding fit on the stem, and the 
ends of the keys should not project unequally when tightened up. Both 
heads and .shoes must be put on before the tappets can be finally set ; 
should there be difficulty in keeping any particular head on its stem, a 
sheet of emery cloth wrapped around the tapered part of the latter will 
generally effect a cure. 

The water-service pipe is usually led beneath the tables, with a rising 
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pipe to each pair of batteries, this pipe being fitted with a tee piece 
connecting the hose for washing the tables. The horizontal branches 
from the upper end of the rising pipe are stayed to the battery posts and 
fitted with a valve at each end of the mortar and also in the centre. All 
service pipes must be well put together ; if screwed, the threads must be a 
good fit, and well screwed home, the vibration of the battery being trying 
to all pipe joints. 

The amalgamating tables are generally made the full width of the 
mortar, the object being to maintain an even flow and avoid side eddies. 
The inclination per foot varies with the character of the ore, gauge of 
screen, and quantity of water used; ij and ij in. are the average falls 
allowed, the extremes being i and 2 in. The simplest way of making 
a table thoroughly tight at the sides is to bend each side of the copper 
plate upwards for three-quarters of an inch, and secure the upturned edge 
to the frame of the table with a few screws. The silver plates supplied 
with the mill are presumably covered with i oz. of silver to the square 
foot, but it is generally admitted that an amalgamated surface is softer 
and more easily kept in order than a plated one. 

The copper plate, which must be well annealed, is bedded down 
perfectly flat on the table, and all bumps and hollows removed. It is 
then washed with a strong soda solution, flooded with water, and rubbed 
bright with a nitric acid solution, i oz. to i pint ; after being well flooded 
with water, it is cleaned with a cyanide solution, i oz. to i quart, and 
quicksilver rubbed into the brightened surface. To prevent oxidation, 
the surface is either kept under water, or covered with a solution of cream 
of tartar, made up like whitewash ; the surface will also be tarnished 
by contact with any surface containing sulphur, such as vulcanised 
rubber. 

The Water Supply cannot be given as so many gallons per head 
or per hour, since it depends on the character of the ore, the gauge of the 
screen, and the inclination of the tables. It may be safely put at between 
1,500 and 2,000 gals, per ton treated; of this quantity from 70 to 75 per 
cent, may be returned and used again. In this way a supply of 60 gals, 
a minute may serve for a mill of forty or fifty stamps, and in West 
Australia ore has been treated at a loss of only 300 gals, of water per ton. 
Dirty, slimy water should not be used ; salt water is not prejudicial, except 
in amalgamating brightened iron surfaces. A supply that has been warmed, 
in surface condensers or otherwise, keeps the mercury lively and tables 
soft ; hot water makes the mercury too lively, and it runs down the table, 
leaving the surface hard ; very cold water also keeps the plates hard. 

The quantity admitted to each mortar is governed by the requirements 
of the table, the amount used being the smallest that will keep the table 
clear of deposit. 
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Ore Feeders. — It is doubtful if mechanical feeding can equal intel- 
ligent hand work, but the latter is difficult to maintain, as those who are 
intelligent enough to feed well tire and grow careless over so monotonous 
a task. Machine work is certainly better than the average hand work, and 
the machines that feed by a revolving table are generally preferred to those 
with a shaking motion. 

All self-feeders receive their ore supply direct from the bin ; they are 




Fig. 74.— Ore Feeder, with Screw Action. 



worked by the centre stamp, and are either mounted on or suspended from 
rails, so that they may be run out of the way when access is required to 
the back of the battery. 

Fig. 74 gives an idea of the general arrangement of a feeder; the 
collar on the stamp stem depresses the projecting end of the lever, and 
the motion is communicated through bevel wheels to the feed screw. 
This machine would give very fair results if the feed screw were made 



CRUSHING MACHINERY. I9I 

with a coarser pitch, but there is no doubt the Challenge is the most 
popular type. 

Rock Breakers. — When the ore supply for the mill is hand broken 
it is generally coarse and irregular in size, requiring a high stamp drop and 
necessitating a slow speed. Rock breakers increase the output of the mill by 
providing a properly graded feed, thereby permitting a short drop and high 
speed. They also reduce the wear of stamp shoes per ton of ore crushed. 
In one case when accounts were carefully kept, this wear amounted to 1.4 
pence per ton of hand-broken ore, and was reduced to .85 of a penny when 
breakers were installed. 

Whether placed in the mill or, as is more usual when the ore is sorted, 
in the headgear, the breakers stand either at the foot of the grizzly or below 
the coarse ore bins. In the latter case they draw their supply direct from 
the bins. 

The swinging jaw receives its motion from an eccentric shaft through 
a connecting rod and toggles; by these means the fixed and swinging 
jaws are forced together, while the backward stroke is made by spring 
pressure. The rapid reciprocating motion requires a solid foundation to 
absorb the vibration. This is afforded by mounting the machine on 
concrete piers, by bolting it to some heavy structure, or to timber horses 
well bedded in concrete. 

The size of the product is adjusted by tightening the wedge at the back 
of the rear toggle ; the same wedge also compensates wear in the jaws. 
When the wedge has been drawn up to its full extent longer toggles are 
inserted. 

As these machines are generally designed for making road metal, they 
are furnished with jaws intended to cube, not crush, the rock. In battery 
work the object is to crush, and the corrugated or grooved jaws may be 
dispensed with, and better results obtained with plain, flat slabs of steel. 
Jaws of this shape may not only be turned end for end, but in case of 
emergency may be reversed, provided the worn face is well bedded to the 
jaw with white metal. The wear being heaviest at the lower part of each 
jaw, in most modern machines the jaw^ faces are made in sections, which 
are not only reversible, but those on the fixed jaw are interchangeable with 
the swinging jaw face. This is a great improvement, as it is no longer 
necessary to keep two sizes and patterns of jaw faces in stock. The 
average life of a cast-iron jaw is seven months, it costs in wear a penny for 
each 2 J tons of rock. Steel jaw faces last a year, costing a penny in wear 
for each 13 tons crushed. The steel alloys, manganese, and nickel steel 
last longer still, and though their prime cost is higher, they are in the end 
cheapest for districts where transport is costly. 

The size of a stone breaker is the area of its mouth at the top, measured 
horizontally, and is the size of the largest stone it can take. 15 in. by 
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lo in. is a size commonly employed in mining. Such a machine will 
crush about 7 tons an hour, running at 250 revolutions a minute and 
requiring 12 H.P. 

The inconvenience of erecting a separate engine is avoided in some 
breakers, in which the complete engine forms part of the machine. It may 
be driven either by steam or compressed air, all the working parts being 
boxed as a protection against dust. 



Particulars of Blake-Marsden Breakers. 



Size. 
Inches. 


Tons per Hour. 


Width of Belt. 


Weight of Frame. 


1 

Total Weight. 




Inches. 


Tons. 


Tons.. 


lOX 8 


4 


4 


2i 


4 


12 X 10 


5i 


4; 


n 


4i 


15 X 10 


1\ 


5i^ 


4 


7 


20 X 12 


II 


6i 


6 


lOj 


24x13 


15 


8 


8J 


15 


24 X 19 


i6i 


8i 


91 


i6i 



In the above table it may be noticed that the output per hour is just 
e(}ual to the weight of the machine itself, though this does not hold good 
for larger sizes. 

In old and worn breakers the stroke is shortened by wear on the 
eccentric part of the shaft. If no spare one is at hand, matters can be 
improved by recentring it and turning in a lathe. The shaft will be 
weakened, but much of the original stroke restored. The only part of a 
breaker causing trouble, beyond the ordinary wear of the jaws, is the spring 
to the drawback motion. This is especially the case when it happens to be 
a coiled steel spring bedded in rubber. As a substitute a bar of springy 
wood is often placed across the rear of the machine. 

In the gyratory type of breaker the ore is broken by a cone gyrating 
or " wobbling " within an inverted cone. The wearing parts do not admit 
of so much adjustment as in the toggle machine, and therefore cannot be so 
thoroughly worn out. Owing to the driving surfaces sliding under heavy 
pressure they require considerable motive power, and want of lubrication 
may lead to serious consequences, even to twisting off the vertical driving 
shaft. 

Rock breakers require about i I. H.P. for each ton crushed per hour. 



Steam and other Stamps. 

Steam Stamps. — Of the various forms of stamp in which the force 
of the blow is increased beyond that due to gravity, the steam-actuated 
one only is extensively used. The cylinder is placed directly over the 
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mortar, the head and shoe being fastened to the piston rod. The action 
resembles that of a rock drill, and is so simple that no specially skilled 
attention is required. When the details are well worked out, as in the 
Tremain, this machine is suited for preliminary work and test crushings 
during the development of the mine. It is particularly well adapted to 
those districts where transport is costly, and forms one of the cheapest 
installations for testing the value of the ore in bulk. The idea is by no 
means an untried one, steam stamps being extensively used in the 
American copper-mines. 

Pneumatic Stamps, such as SchoU's and Husband's, are driven by 
an overhead crank, an air cylinder being interposed between the crank and 
the stamp shoe. In some patterns the crank is connected to the cylinder, 
in others to the piston, the result in each case being that the motion of 
the crank is communicated to the shoe, not by any mechanical connection, 
but through a cushion of compressed air at each end of the cylinder. The 
fall of the head is not only accelerated by the pressure of air on the piston, 
but the drop is always greater than the stroke of the crank, the amount of 
this excess depending on the speed and compression in the cylinder. 

The speed is 140 drops a minute, about 24 tons per head per twenty- 
four hours is the average duty. It is the large output in proportion to their 
total weight that has led to their erection in mining districts difficult of 
access ; but the result has not been sufficiently successful to warrant more 
extended adoption. 

The machine consists of numerous carefully fitted parts, and fails to 
comply with the fundamental principle that the stamp should be built of 
simple elements easily replaced. The duty of the pneumatic stamp is too 
high, the value of one stamping unit too great. Not only is it difficult to 
provide amalgamating area around one stamp that shall be sufficient for the 
output, but if the stamp be stopped it is equivalent to hanging up a whole 
battery or two of gravitation heads. 

The friction of the working parts exceeds that of the ordinary stamp, 
while the heating of the compressed air introduces a fresh element of loss. 

Spring Stamps. — Machines of various forms in which the force of 
the blow is increased by the recoil of springs have failed to stand the wear 
and tear of daily work. The wear on the joints, pins, and connections is 
very heavy, such parts requiring a thorough overhaul every three or four 
weeks. With every care in upkeep the efficiency falls off, owing to loose- 
ness in the joints. In a battery of eight of these machines the duty fell 
from 10 tons per head per twenty-four hours, during the trial run, to 
25 cwt. per day after a few months' use, and this in spite of constant repair. 
In most of them the shoe does not revolve, and therefore wears unevenly, 
the wear being greatest on the side nearest the feed-shoot. 

N 
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Pans and Settlers. — The duty of the pan is to grind to a still finer 
state of division the pulp that has already been crushed in stamp or roll 
mills ; a large number of pans, however, are mere washing machines, 
catching particles of quicksilver and amalgam that have escaped the tables : 
this is proved by the inordinate life of the dies and mullers. When re- 
quired to grind and separate the fine particles of gold still adhering to the 
gangue, the distance between the dies and mullers needs frequent adjust- 
ment. This is practically impossible when effected by slight motion given 
to a hand-wheel already revolving sixty or seventy times a minute with the 
centre stem, but is easily made by the side lever arrangement shown in 

Fig- 75- 

The average pan is 5 ft. in diameter, makes from sixty-five to seventy- 
five revolutions a minute, requires about 100 gallons of water an hour, is 
charged with 10 to ig cwt. of sand, and treats from 4 to 5 tons per twenty- 
four hours. Owing to centrifugal action the pulp is carried outwards, to the 
circumference of the pan, and is here caught by four incurved wings, which 
direct a constant stream of pulp back to the centre. From the centre it 
flows outwards through the openings between the dies and mullers, part of 
the stream being caught and ground by the revolving muller. 

The circulation of the pulp, therefore, depends on the curvature given 
to the feed wings and to the openings between the dies and mullers 
being tangential to a circle varjnng with the diameter of the pan ; the 
working conditions affecting the circulation are the speed, amount of the 
charge, and the consistency of the mixture. The pan, therefore, can only 
turn in one way — a fact so evident as not to be worth mentioning, had 
not the author once seen a row of eight gravely revolving in the wrong 
direction ; nor did this happen at the mine, where they treated several 
hundred tons of ore, before discovering that the battery tables had not been 
amalgamated. 

The pan is raised on timber framing, which rests on cills well bedded 
in concrete, as there is considerable vibration when working ; to facilitate 
charging, the top of the pan should not be much above the floor from 
which it is fed. 

In Fig. 75 a coarse adjustment is provided by the flat thread screw on 
the stem ; the key is not driven, as it serves merely as a stop to prevent 
the screw from revolving without driving the muller frame. The bevel 
wheel on the stem is a tapered fit and held by a cross cotter, the usual 
vertical key being difficult to tighten in so cramped a situation. 

The dies and mullers have projections cast on them, which fit into dove- 
tailed taper recesses and are secured by pieces of hard wood filling the re- 
mainder of the recesses ; they last from two to three months. Each pan 
requires from 5 to 6 H.P., and the cost of treatment is from tenpence to a 
shilling per ton. 

The settlers, now seldom used, are placed at a low level, to receive the 




Fig. 75. — Sectional View of Grinding Pan. 




Fig. 76. — Plan of Grinding Pan, MuUer Frame removed in lower half. 
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discharge from the pans; they require 120 gallons of water an hour on the 
average, and are speeded at twelve to fifteen revolutions. 

Grinding. — Although the stamp is an excellent machine for crushing 
ore to such a size as will liberate most of the gold, it is not always the 
most suitable means for reducing the gangue to a very finely divided state ; 
as, when the die is covered with a layer of fine pulp, the blow of the 
descending stamp is cushioned and its effect destroyed. 

Even if the layer be a thin one, as the whole surface of the shoe and 
die are never in accurate contact, the blow takes effect on a few points on 
which the pulp is crushed to an impalpable powder, or slimed ; while such 
parts of the crushing surfaces as fail to make contact by a thirty-second of 
an inch will be almost useless. To do good duty under these conditions 
the stamps must work practically metal to metal, and the resulting jar is 
destructive to the whole battery. 

Evidently the blow of a falling weight is not the best means for sub- 
dividing an already fine material, and a substitute is found in the grinding 
action of pans, ball and tube mills. Rolls are not satisfactory for very fine 
grinding, being too slow, on account of the number of times the gangue 
has to pass through them before the whole is reduced to the size required. 

Dry crushing is essential in dealing with ores in which part of the value 
is soluble, and grinding mills are adapted to this process to a greater extent 
than the stamp, the latter being handicapped when worked without water. 

The Ball Mill consists of a drum, protected on the inside by lining 
plates, covered by a housing, and mounted on a revolving axle driven by 
belt and spur gearing. The grinding plates are bolted around the inner 
circumference of the drum, each plate is curved inwards, the whole series 
forming a succession of steps, and through the openings left between them 
the ore has access to the screens. The fine screens are protected by coarser 
ones, the whole being arranged so as to entirely surround the crushing 
surfaces. The material to be ground, and water, if used, are introduced 
automatically through a side hopper, while the finished product is delivered 
to a bin below the mill. 

A medium size mill will contain half a ton of steel balls ; these grind the 
material by rubbing contact with each other and with the lining plates, also 
by constantly dropping from one lining plate to the next. Old shoes and 
dies and scrap steel are not efficient substitutes for the round revolving 
ball. While the drum revolves, the material within is in constant motion, 
passing frequently over the screen surface and being free to leave directly 
it is crushed to sufficient fineness ; the result is a uniform product with a 
minimum of sliming. The whole process is automatic, requiring little 
attention ; while the wearing parts are all simple castings, easily renewed 
when worn. 
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Access to the interior for repair is provided by a manhole in the side of 
the drum, as the lining plates require renewal about every four months ; 
the whole of the interior may be relined in half a day, and with this ex- 
ception the process is a continuous one, the feed of raw material and 
delivery of finished product being constant. 

The erection of so simple a machine calls for no comment ; the bearings 
carrying the drum axle and countershaft are bolted to concrete or masonry 
piers and raised above ground level to allow delivery of the product below 
the drum casing. In wet grinding the delivery hopper is filled with water, 
and as the drum revolves, each screen passes through this water, an 
arrangement ensuring clean screens and clear perforations. 

In dry grinding the material must be absolutely dry ; should it contain 
moisture, instead of being ground to powder, it may be rolled into a flaky 
product, which cannot pass the screen perforations. 

The duty of a medium size mill on average ore is about half a ton an 
hour passed through a 70-mesh screen. 

The following table contains particulars of those manufactured by 
Krupp, Grusonwerk, who has for many years devoted attention to this form 
of mill, and whose machines are largely used throughout South America, 
Mexico, and Australia. 





Ball Mills 


. 








• 






Machine Number. 


7 
106 




I 
41 


2 


3 
63 


4 5 
74 89 


6 


8 
106 


Diameter of drum, inches 


52 


89 


Widlh of drum, inches . 


28 


37 


3« 


39 46 


54 


46 1 


54 


Revolutions of drum, per min. 


35 


33 


30 


27 25 


25 


21 


21 


Revs, of countershaft, per min. 


35 


100 


105 


108 j 150 


150 


125 


85 


Widlh of belt pulley, inches . 


5 6 


7 


8 S^ 


10 


10 


loi 


Approximate H.P. re<]uired . 


2.J 6 


II 


18 22 


27 


30 1 


36 


Weight of balls, lbs. . 


330 660 


990 


1,540 1 2,420 


2,970 


3.520, 


4,400 


Weight of mill, packed, tons . 


2h 5h 

1 


7 


9h 14 

1 


15 


'7; 


20 



Water required, from 1,000 to 1,200 gallons per ton of ore. 



Tube Mills. — While the ball mill may receive the ore as it comes 
from the stone breaker, the tube mill is used only for crushing an already 
fine material. Unlike ball mills, they have no screens, and a charge of 
flint stones takes the place of the steel balls. The mill consists of a 
wrought-iron tube, lined with protecting plates, and mounted on hollow 
trunnions through which the material is fed and delivered. The tube is 
13 ft. or more in length by about 4 ft. in diameter. In the larger sizes 
the tube is surrounded by a ring which revolves on rollers and takes most 
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of the weight from the rear bearing, in fact this bearing may then be 
dispensed with. Motive power can be supph'ed through either spur or 
bevel gearing ; when two or more mills are to be driven from the same 
shafting, the latter arrangement is more suitable. 

In addition to the sand and water, each mill contains a charge of from 
3 to 7 tons of flints, and from lo to 20 cwt. of these flints will be worn 
out each month. The larger stones are most effective, and it is usual to 
pick over the charge at intervals, replacing worn stones by new ones. 

About 4 or 5 cwt. will be worn each month from the lining plates, a 
complete set lasting four months on an average. The output depends on 
the degree of fineness required, and varies from 25 to 75 tons of finished 
product per day. The largest output is obtained when a large quantity, 
from 100 to 200 tons, daily is passed through the mill, and, after sizing, 
the coarser parts returned for re-treatment. The feed and delivery are 
continuous, the treated product being generally passed through Spitzkasten 
and sized, the coarser parts being returned to the feed end. 

The following table gives particulars of the sizes of mills in general use. 
The power required is conservatively stated, and will usually be from 20 to 
25 per cent, less than the table states. 



Tube Mills. 



Length of tul)e, feet 
Diameter of tube, inches . 
Revolutions per minute . 
Width of belt, inches 
Revolutions, countershaft 
Approximate horse- power 
Weight of flints, tons 
Weight of mill, cwts. 



13 

43 

31 
10 

loS 
24 

3 
160 



19? 


193 


43 


47 


31 


29 


10 


10 


108 


114 


32 
200 


40 

si 

260 



26J 


i6i 


23 


i6i 


26 


47 
29 


53 
28 


53 
28 


59 
26 


59 
26 


Hi 


10 


Hi 


Hi 


124 


114 
50 
74 


114 

45 
6 


114 
58 


114 

56 

7 


114 
80 
II 


300 


290 


340 


330 


420 



Rolls are generally used in the reduction of complex ores from which 
the mineral is subsequently extracted by concentration. They often form 
an intermediate step between the rock breaker and some grinding machine, 
such as a ball mill. When the crushing is done entirely by rolls, two, if 
not three, sets are required. In the course of its passage through the mill 
the ore goes from the rock breaker to the coarse rolls and screens, then to 
the fine rolls and screens, all that is not yet reduced lo the required fine- 
ness being returned to the fine rolls or passed on to another set for further 
treatment. If the use of elevators is to be avoided the mill must provide 
sufficient fall for at least two sets of rolls and their screens, in addition to 
the fall needed by the concentrators ; this means a clear fall of about 45 ft. 
below the ore delivery level. 

The rolls employed at any mill are preferably all of the same size and 
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pattern, so that worn shells from the fine rolls may be transferred to the 
coarse ones. 

The roll shafts revolve in opposite directions, one being driven by a 
crossed, and the other by an open belt. On each shaft is keyed a body 
piece, to which the shells are secured. The simplest way of attaching 
them is by two or more keys driven between the shell and the body ; but 
this means that the shell must be soft enough to be machined, and a 
further objection is that the keys are liable to split the shells when 
worn thin. 

The alternative is to make the body in two pieces, one fixed to, and 
the other sliding on, the shaft, both being turned taper, while the shell is 
ground to similar taper inside. After the shell is placed between the body 
pieces, the loose or sliding half is drawn towards the fixed half by through 
bolts ; the double cones not only hold the shell firmly but also centre it. 

The bearings of one roll are fixed, while those of the other slide on the 
frame of the machine ; strong springs press on the free roll, forcing it 
towards the fixed one. The roll shells do not work in contact with each 
other, but are set apart according to gauge of product required, both the 
distance and the pressure being regulated by nuts on the spring spindles. 
Owing to this arrangement the spring pressure is only on the ore crushed, 
and does not cause unnecessary friction in the shaft bearings. 

In the Krom roll pattern the free roll and its shaft are mounted on two 
rockers working on a fixed shaft. The two roll shafts are thus kept 
parallel with each other, and unequal spring pressure is less likely to cause 
uneven wear on the shells. The life of the shells depends on the hardness 
of the material treated and the size to which it is reduced. An average 
life would be ten thousand tons on the fine rolls, and an equal output 
when removed to the coarse rolls. 

The plain shell wears better than a corrugated or grooved one, and is 
able to seize any pieces of ore delivered from an ordinary stone breaker. 
The wear is in a great measure under control, and the shell surfaces can be 

m 

kept even by directing the feed on to the highest parts. When once worn 
to a really bad surface, the coarse rolls throw too much work on the fine, 
and the fine require several more passages of the ore than should be 
necessary ; in this way the capacity of the whole mill is reduced until the 
shells are changed. 

The process may be either a wet or a dry one, frequently the coarse 
rolls work dry, water being added to the ore before the fine crushing ; the 
wear of the shells is rather more even when water is used. 

Rolls vary in diameter and length from 20 in. by 10 in. to 36 in. by 
15 in., they make from 60 to 100 revolutions a minute, and require from 
8 to 20 H.P. The strains are severe but contained within the machine 
itself; to absorb vibration the frame is usually secured to timbers built into 
the structure of the mill. 
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Fig. 77 illustrates the arrangement of parts in a Krom pattern roll, c c 
being the shafts, b b the body pieces or centres, a a the shells. The shaft 
on the right works in fixed bearings, while that on the left is carried on 
rockers pivoted on the shaft shown passing through the frame. The pair 
of rolls is surrounded by a housing, the ore being delivered into the feed 
shoot on top of the housing by some form of self-feeder. The position of 
the bearers on which the machine rests should be at right angles to that 
shown in the illustration. 

With the exception of the shells, the only parts subject to heavy wear 




Fig. 77.— Krom Rolls. 



are the bearings in which the shafts work ; they are generally lined with 
white metal and need renewal about every six months. 

The old metal lining is first removed, the bearing thoroughly heated, 
and centred around the shaft, any space at the ends being luted up with 
clay ; the metal should be poured directly it is melted, relying on the heat 
of the bearing to prevent a chill and a bad pouring. A light trimming with 
a file, and the hole bored and grooves cut for lubrication, and the bearing 
may be replaced for immediate use. 
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The two essentials in relining a bearing are — (i) a well-heated casing; 
(2) the white metal heated to a temperature no higher than is necessary fo- 
fusion. Care must be taken that end play does not develop in the shaft 
bearings, otherwise the shells may no longer face each other accurately, and 
a ridge of gradually increasing thickness will remain on alternate edges of 
the rolls. 
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CHAPTER XII. 

CONCENTRATING AND GOLD-EXTRACTING PLANT 

Concentrators — Percussion Tables — ^Jigs — WiHley and Buss Tables — Cyanide Plant — 
Capacity, Size, and Shape of Vats — Arrangement and Construction — Foundations — 
Equipment. 

The machines described in the last chapter are used for reducing the ore 
and liberating the mineral from the gangue ; concentrating machines deal 
with the pulverised ore, and separate the mineral from the gangue by taking 
advantage of the difference in the specific gravity of the two substances. 
Concentration would be impossible if this difference did not exist. 

In no case is the operation perfectly performed, the product may contain 
all the mineral, but gangue will be included ; or the mineral may be clean 
and a percentage of it lost, the amount varying with the efficiency of the 
machine. In every case the process is assisted by sizing beforehand, and 
the closer the sizing the cleaner the concentrates will generally be. 

Most machines present, in some form or other, an inclined surface, the 
material to be treated being delivered near the upper end, and washed 
downwards by the flow of water. The heavier mineral tends to lag behind 
and is assisted in doing so by a shaking motion imparted to the inclined 
surface, which causes it to " bed." In the simplest machines the finished 
product is not delivered, but has to be removed at intervals ; in more 
complex machines it is not only delivered but graded into different 
qualities. 

It is owing to this percussive or shaking action, combined with the 
usually sloppy state of the concentrator floor, that the machines require 
substantial foundations; if settlement occurs, or want of rigidity allows 
other motions to develop, the working of the machine is at once affected. 
The mud cills supporting the frame should rest on a flooring of concrete, 
the spaces between them be filled with concrete, and the surface either 
decked with planking, or cemented. 

The Percussion Table is, next to the buddle, one of the simplest 
forms of concentrating machine ; the pulp is received on a suspended bed, 
with two or more shallow depressions in its upper surface. This bed, or 
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table, is about 1 2 ft. long by 6 ft. wide, and receives a slight motion in the 
direction of its length from a cam with three arms ; on leaving the toe of 
the cam the bed is pushed back by a spring, the return stroke ending 
abruptly against a buffer. 

The shake thus imparted to the pulp beds the mineral in the depres- 
sions in the bed, while the gangue is carried away by the overflow of water ; 
in this case there is no delivery of the finished product, and the depressions 
must be cleaned out at intervals as they become filled. The inclination of 
the table can be adjusted by the suspension bolts, the force of the blow by 
the spring, and the length of stroke by altering the bumper head. The 
construction is so simple that a trial machine can be built on any mine 
possessing the usual equipment of tools, and a small table, about 6 ft. by 
4 ft., is often useful in determining to what extent the ore is amenable to 
concentration. 

The Jig is another simple form, and consists of a hutch filled with 
water, the screens containing the ore being either plunged up and down in 
the water, or the water made to pulsate through them by the movement of 
a piston. The jigs in each row work in series, the overflow from the first 
being treated again in the second ; and in each row the speed, length of 
stroke, and mesh of screen are suited to the size of ore fed. 

Thus if there are three coarse jigs, dealing with ore about the size of 
small peas and rice grains, they will be speeded to 150 revs, a minute, the 
stroke of the first will be 1 in., of the second I, and of the third J of an inch ; 
the screens will be 10 to 12 mesh. 

The second jigs will run 200 revs, per minute, with strokes of f in., ^ in., 
and y in., the screens being 12 and 14 mesh. The third row, with screens 
of 14 and 16 mesh, will run 250 revs., and have strokes varying from y\ 
to i\ in. 

Slime jigs are run at 300 strokes of ^ to y^ ^^ ^.n inch, and have screens 
of 20 and 24 mesh — though slimes are generally treated on some form of 
table, the jig being essentially a machine for handling a coarsely broken 
material. 

Motion is derived from an overhead shaft with adjustable eccentrics 
connected to the pistons or sieves ; repair consists almost entirely in renewal 
of worn screens, though it is worth noting that the sides of iron hutches 
are often insufficiently stayed and they spring with the strokes of the 
machine. This not only leads to leakage at the joints, but detracts from 
the effect of the pulsation. 

As a rule two or more jigs are combined and form separate compart- 
ments in the same hutch ; the clean mineral is withdrawn from the bottom 
of the compartment, that which is too coarse to pass through the screen 
being removed when the bed gets too heavy. 

Each complete machine requires on an average J H.P., and uses 
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25 gals, of water a minute, treating about 20 tons of ore per twenty-four 
hours. 

The Centrifugal Concentrator imitates the movements given to a 
batea, the round pan is mounted on a hollow vertical axis, and rotated by 
bevel gear, the rotation being changed into a series of irregular impulses 
by a small crank. The pan itself is about 5 ft. in diameter, the highest 
point in the bottom being midway between the centre and the circum- 
ference ; from this point the bottom slopes towards the waste pipe in the 
centre, and to the ore bed towards the rim. Adjustable gates in the 
bottom of the pan near the circumference allow the finished product to 
pass into a circular receiving launder. 

As generally arranged, three machines treat the pulp from ten heads of 
stamps, two of them taking the tailings direct from the amalgamating tables 
and delivering the half-finished product to the third. Concentration is 
rapidly effected, and the product a clean one ; but the wear and upkeep of 
the machine is heavy, owing to the constantly checked momentum of the 
pan and its contents. 

In the Frue Vanner, illustrated in Fig. 78, the table consists of an 
inclined endless belt passing over rollers at each end of the machine ; the 
working surface of the belt is 4 ft. wide by 12 ft. long, it may be plain or 
corrugated, and the edges are flanged upwards. The belt slopes at an 
incline of J to i in. in the foot ; it travels from 4 to 12 ft. a minute towards 
its upper end, and receives a rapid shake in a direction at right angles to 
its length. The pulp is fed from a distribution box about 3 ft. from the 
higher part of the machine, and is played on by jets of water as it is carried 
upwards by the travel of the belt. The mineral, assisted by the shaking 
action, clings to the belt, is carried over the higher end and deposited in a 
trough beneath the vanner, the gangue being carried away to the lower 
end of the belt by the flow of water. 

Vanners always stand at right angles to the shafting driving them, and 
are therefore worked by quarter-twist belts (see Chapter XIII.); they 
require a uniform speed of from 200 to 210 revs, per minute, and treat 
from 5 to 10 tons in twenty-four hours, according to the class of ore. 
Although of limited capacity, they give excellent results in the hands of 
those accustomed to use them, but their successful working depends on 
more or less delicate adjustment, and in charge of inexperienced persons 
they are capable of tricks beyond the ordinary power of inert matter. 

The Wilfley Concentrator, although a modern invention, may be 
found in almost every gold-mining district, one copper-mine having no less 
than five hundred of them at work ; it has a greater capacity than the 
vanner and does not require the same skilled attendance. 
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The flat oscillating table on which the ore is treated is made of timber 
and covered with linoleum, part of the surface is corrugated with ribs of 
gradually decreasing length. The amount of motion may be adjusted, but 
three-quarters of an inch is the average for all round work. A raff wheel 
forms part of the machine and returns the middlings ; it also acts as a 
sort of governor, preventing waste when the quantity delivered to the 
machine is more than it can deal with. When the feed is not in excess, 
the delivery from the raff wheel consists of pulp in which the mineral 
is imperfectly separated from the gangue. 

The whole machine is self-contained and easily erected, being carried 
on a longitudinal girder resting on three feet, which are bolted either to 
concrete piers or to the floor of the concentrator house. Each table 
requires about 200 gals, of water an hour, and is driven by a 4-in. belt, 
the driving pulley making 240 revs, per minute ; the quantity treated daily 
varies from 12 to 40 tons. The Wilfley is being successfully used on 
slimes, the concentrates produced being about 7 per cent, of the quantity 
treated, and containing 70 per cent, of the assay value of the tonnage. As 
in other vanners, the pulp is delivered at the higher end, and washed 
towards the lower side by a thin film of water, the rate of flow being 
regulated by the adjustable inclination of the table. It should be noted 
that the flow of water is at right angles to the travel of the pulp, the bulk 
of the water, therefore, flows off with the gangue, leaving the concentrates 
relatively dry. On reaching the delivery side the pulp is separated into 
concentrates, middlings, and tailings. Each table is 17^ ft. long by 6 ft. 
wide, requires i H.P., and weighs 32 cwt. when packed. 

The Ferraris Table, made by Krupp, resembles the Wilfley in 
many respects ; it has a wooden table covered with linoleum supported on 
hinges or springs, and subjected to a rapid and variable end shake by two 
eccentrics. The table proper is supported by an iron frame, has longi- 
tudinal corrugations, as in the Wilfley, and the inclination can be varied to 
suit different ores. 

The pulp is delivered near one end on the higher side, water in 
adjustable jets being supplied at the same side ; the gangue is washed to 
the opposite side, and the concentrates delivered at the opposite end. 
Two patterns are made, one for coarse, and the other for slime treatment. 
Each table is 1 1 i ft. by 5 ft., requires about half a horse-power, and from 
4 to 9 gals, of water a minute, runs at 340 vibrations, and treats about 
half a ton an hour. 

The Buss Table is similar to the last machines described, the pulp 
being treated on an inclined flat table with corrugations; the motion, 
however, is altogether diff*erent, as the table is free to rock on the vertical 
springs supporting it. 
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There are four rows of these wooden springs, placed vertically beneath 
the bed, and the end shake imparted by an eccentric causes the table to 
travel in an arc of a circle. 

'l*his motion is not as simple as it appears, for if the springs be vertical 
when the eccentric is at the middle of its stroke — while the driving shaft 
revolves once— the table will travel to the lowest point of its arc at one end 
of the stroke, back to the lowest point at the opposite end of its stroke, 
and return to its original position. But as the springs are long when 
compared with the length of the stroke, the vertical movement is almost 
eliminated in this case. If the springs are vertical when the eccentric is at 
one end of its stroke, there will be but one highest and one lowest point of 
the table during each revolution of the driver. Or the table may be so set 
that the springs do not reach the vertical position at any part of their 
vibration. By varying the adjustment of the machine greater prominence 
can be given to either of the components of this compound motion ; the 
longitudinal traverse or stroke can be set by altering the eccentric, and the 
angle of the springs, or vertical movement of the table, by altering the 
length of the connecting rod. 

The table itself is supported on a frame, and by the elevating screws 
provided the inclination of the working surface with regard to the frame 
may be altered; by these means different inclinations can be given to 
opposite ends of the table. 

It is evident the range of adjustment is considerable ; the flow of the 
water film across the surface may be regulated both in quantity and speed, 
and will be in constant agitation during its passage to the lower side. 
Each table is 16 ft. long by 7^ ft. wide at the large end, the motive force 
does not exceed half a horse-power, and the pulp is generally delivered to 
the machine as it leaves the battery. Each table treats on an average 20 
to 25 tons per twenty-four hours. 

The simplest method of erection is to support the lower frame on cills 
parallel with the length of the table, the two centre ones being extended 
to carry the driving shaft and bearings ; these cills should be bedded in, 
and bolted in concrete. The wearing parts are few and the wear light, 
provided the foundation is sufficiently stable to prevent any racking between 
the driving shaft and table. 

Cyanide Plant. — As the tonnage to be handled in this process is 
generally considerable, the location of the site is an important feature, 
economic conditions being fulfilled in one that permits automatic filling 
and offers sufficient fall both for the process itself and the discharge of 
the residues. An ideal site, with fall to the required amount, is seldom 
available ; and owing to the grade required to prevent settlement of pulp 
in the tailings launders, which amounts to at least 3 ft. in 100 ft., advantage 
cannot be taken of more favourable ground at some distance from the battery. 
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In laying out a plant for direct filling, the levels for grading the site 
will be taken from the delivery launder below the mill, and if vats lo ft. 
high are to be used, a fall of 25 ft. will be required. This fall may be 
reduced by using vats of less height, or by discharging at the side instead 
of beneath ; on the other hand, an increase in height is advisable to allow 
for disposal of the residues. Should the tailings require previous settling 
to eliminate slimes, the fall must be increased by the height of the 
additional vat and discharge room ; so that the leaching qualities of the 
material to be treated must be ascertained before the amount of fall can 
be determined. Although sometimes advisable, there is no mechanical 
advantage in securing direct filling at the expense of a site so low that 
the residues require elevating after treatment. 

In treating old tailings, or accumulations from settling pits or dams, 
hoisting is always necessary, an elevation of 25 to 30 ft. being sufficient 
to allow for discharge of residues. In this case a site is selected which 
can be commanded by an incline track, the tailings being hoisted in 
waggons or self-dumping skips. The skips used are generally open at 
the top, and are made to dump into any particular vat by cramping across 
the track a horse, or frame, up which the back wheels run. 

Capacity. — The capacity of the plant is determined by the quantity 
to be treated daily, the time required for treatment, and for charging and 
discharging the vats— the time occupied in treatment depending on the 
character of the ore and the facility it offers to percolation. If 100 tons 
are to be treated daily in vats of 100 tons capacity, one vat will be filled 
each day ; if three days are required for treatment and half a day for 
discharging, f\yc vats would be the smallest number for the duty. The 
same quantity might also be treated in seven vats of 50 tons capacity, 
requiring only half a day each for filling. 

Size of Vats. — The capacity of a vat is its area multiplied by its 
height, and vats of any required capacity may be built by allowing from 
27 to 30 cub. ft. for each ton they are to contain. Even an allowance of 
30 cub. ft. to the ton may be insufficient if a large proportion of light 
slimes is included, and in every case a foot must be added to the height 
decided on, to allow for the depth occupied by the filter. The question 
whether large or small vats shall be used depends chiefly on the character 
of the material to be treated; large vats fill slowly and allow a con- 
siderable proportion of the slimes to settle; small ones fill cjuickly 
and the contents may be unnecessarily clean, gold being lost in the 
overflow. 

In dealing with deposits of old tailings that have been cleaned in their 
deposition, vats of 40 and 50 ft. diameter are used, and there is no reason 
why these dimensions should not be exceeded. 
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An examination and test of the tailings is necessary not only to 
determine the size of each vat, but the relation between its area and height, 
for the latter dimension depends on the resistance to percolation in the 
material to be treated. With clayey, slimy tailings a height of 5 ft. may 
be all that is expedient without unduly prolonging the process ; while with 
freely percolating material the vats may be made up to 14 and 15 ft in 
height. In built vats it is not advisable to exceed this amount, as the 
pressure near the bottom becomes severe, especially when vacuum percola- 
tion is used. Economy in first cost is certainly secured by building vats 
high in proportion to their diameter; it may be noted the pressure on 
the sides is proportional to the depth, and does not increase with the 
diameter. 

Shape of Vats. — They may be round or rectangular ; the latter shape 
economises space, as they can be more closely grouped together, and can 
generally be discharged with greater rapidity, since work may be carried 
on at more points. The circular shape gives greater capacity for a given 
weight of constructional material, such vats are easily cleaned, and when 
made of wood can be tightened in case of leakage. 

General Arrangement. — The disposition of the vats must be such 
as to give the greatest facility for filling and discharging ; they are therefore 
placed in one or more rows, so as to be commanded by straight tracks 
and tram lines. When arranged in double rows, a track for a travelling 
steam crane may be laid between them ; this method of discharging, with 
a grab bucket filling a truck at a time, is found economical even where 
labour is cheap and abundant. The top discharge also saves the 6 or 7 ft. 
required beneath the vats when they are emptied from the bottom. 

Construction. — Vats may be constructed of brickwork, concrete, iron, 
or wood ; in its simplest form the vat is excavated from the ground and 
lined with either brick or concrete. 

The objection to the excavated vat is the difficulty of detecting 
leakage ; settlement may take place in spite of every care in selecting the 
ground and footing the foundations, and it is therefore safest to have the 
walls open to inspection from the outside. 

In masonry or brick vats, standing entirely above the ground, the 
thickness of the walls is decided by the height, since height, not diameter, 
is the factor determining the internal pressure. 

The whole of the area is first paved to the outside of the side walls ; 
these walls are footed on the paving, are 4 in. thick at the base for 
each foot in height, and are given an external batter of 3 in. in a foot 
commencing at one-third of their total height. 

The paving of the bottom generally slopes towards the point at which 
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the solutions leave ; great care is necessary in joining the side walls to the 
bottom ; the interior is finished by a coating of cement plaster. 

Iron tanks are light and portable, and are often used for temporary 
work, and when other materials are not available. The sheets are either 
bolted or riveted together, and are coated on the inside, so that the 
solutions do not come into contact with the metal. Asphalt and paraffin 
wax are generally employed for this purpose ; each requires renewal from 
time to time in abraded places. 

Wooden vats are made either round or rectangular in shape, the 
former being more usual. Rectangular ones are made in the same way 
as cisterns for pitwork, the bolts being so disposed as to compress the 
joints and hold the structure together. 

In the rectangular pattern the planking used will be 2 in. thick for 
small vats, 2^ in. for medium sizes, and 3 in. for any size vat likely to be 
made with ordinary commercial timber. The timber must be well seasoned 
and the joints carefully made, each plank being planed true on its edges 
and tried by rubbing on its fellow, until a true surface is obtained. The 
bottom is held together by ^-in. bolts, spaced about a foot apart, and 
running right through the different planks ; before being joined together 
the edges of the planks may be painted with while lead worked with oil to 
a creamy consistency, but this is not necessary if the edges are well planed. 
In small vats the bottom projects 6 in. beyond the sides, in larger ones 
the allowance is increased, and in making a vat 8 ft. by 12 ft. within, the 
bottom would be 14 ft. by 10 ft. 

The side walls enclose the ends, all being made in the same way as 
the bottom, with the exception of the vertical bolts, which in this case 
pass right through the bottom and secure it to the sides. This joint 
requires particular care, sometimes the four sides are bolted together, and 
dropped into a groove cut to receive them in the bottom ; or the groove 
may be dispensed with, and the lower edges of the side walls faced oflT to 
fit the bottom. In either case the joint is tightened by the bolts passing 
through both sides and bottom. 

The sides and ends are stiffened by battens with their lower ends let 
into the projecting part of the bottom. They are spaced about 2 ft. 
apart, and alternate p)airs are tied together by bolts crossing the top of 
the vat. 

When skilled labour is scarce, leakage may be avoided by making 
bruised joints, but these will not be successful unless the timber is 
thoroughly seasoned. In making this form of joint the centre of the 
planed edge of the plank is pressed down into a groove, the width is 
immaterial, but generally about J in. These grooves may be made by 
passing the planks between narrow rollers, or by striking a tool in the 
shape of a smithes narrow set. In soft woods the depth of the groove will 
be about ^^ in., but less for the harder and less compressible woods. 



CONCENTRATING AND GOLD-EXTRACTING PLANT. 211 

The upstanding parts of the edge are now planed down level with the 
bottom of the groove, care being taken not to touch the depressed part. 
The joint must now be kept dry until the planks are bolted together, 
when moisture causes the compressed wood beneath the groove to swell 
and make a perfectly tight joint. 

In round vats the bottoms are formed of planks cut radially and planed 
true on each edge, but the points do not meet in the centre, as the 
planks are not fastened together in any way, only pressed into close contact 
by the constriction of the hoops. When the bottom is fitted together, the 
circumference is trued by a gauge pivoted at the centre of the tank, and 
when truly circular, the outer edge is worked to the same thickness 
throughout, as the side planks are generally joggled in about J in. 

The staves will be free from 2^ to 4 in. thick, according to the size 
of the vat, their edges are planed radially, and they are joggled to fit the 
bottom from 4 to 6 in. from their lower ends. The joint is tightened 
by two belts of round iron, with screwed ends passed through connecting 
sockets ; the sides of the vat being supported by similar belts, spaced 
12 to 15 in. apart, and formed of round iron from J to i|^ in. in diameter. 

In these vats the discharge door is usually fitted in the centre, and the 
filter supported by a wooden grid. 

Foundations. —The foundations must be designed to afford firm 
support to the vat and its weighty contents, access for inspection, and 
head room for discharging. Since, therefore, the whole area of the 
bottom cannot be supported, the weight must be distributed as evenly as 
possible. Trouble has often been caused by foundations formed of rows 
of posts, which swayed laterally owing to want of bracing, and settled 
unequally, as their bearing area was insufficient for the weight to be 
supported. 

Foundations suitable for both masonry and wooden vats are formed 
by walls of masonry or concrete, arranged in concentric rings, with an 
interval of 36 to 42 in. between the rings, the edge of the outer wall being 
well inside the bottom of the vat. The walls are surmounted by timber 
cap pieces, and a central alleyway is left through all the rings, in which 
rails are laid for the discharging trucks. 

When the foundations are of timber, it is framed into horses, with a 
vertical post every 3 ft. between the cap and foot pieces, the end bays 
in each horse being cross-braced to prevent swaying. Such frames are 
placed in parallel rows 3 ft. apart, and should rest either on concrete 
piers or bedded cills. 

In addition to those vats in which the tailings are setded or leached, 
others will be required to hold the various solutions and washes ; each of 
these usually has a capacity equal to one-third of the main vats, but more 
room may be necessary if the treatment is prolonged. They may be 



212 GOLD MINING MACHINERY. 

placed above or below the leaching vats, preferably above, as the solutions 
need not in that case be pumped from the sumps as they are required. 

The pumps used for elevating the solutions are generally small centri- 
fugals, installed in duplicate, each being fitted with multiple suction and 
delivery pipes, enabling it to draw from any sump and deliver to either of 
the vats. The motive power required is generally about 5 H.P., which 
suffices for the pumps, zinc lathe, and vacuum pump, though a dynamo for 
lighting the works is often added. 



[ 213 ] 



CHAPTER XIII. 

TKANSMISSION OF POWER. 

Various Means — Shafting — Couplings — Bearings — Pulleys — Setting out Shafting — Belt- 
ing — Ropesi cotton, wire — ^Compressed Air — Electricity — Examples. 

The medium to be employed in a power transmission scheme depends on 
the purpose for which the power is required, the distance it is to be sent, 
and the quantity to be transmitted. Distribution and transmission are 
intimately associated, and as the same means are used in each case, they 
will be considered as forming part of the same subject ; for it would be 
hard to define where one ends and the other begins. Ordinary shafting, 
for instance, though generally considered as a distributer, does but con- 
vey the power from the motor to the machine ; yet there are limits to its 
use, as no one would seriously propose transmitting power for a quarter of 
a mile by this means. 

If the distance is a short one, there are shafting, bells, cotton ropes, 
and gear wheels, any of which are suitable, though the latter are only 
employed when the motion is to be changed in direction, or when the 
distance is too short for ropes or belts. 

For medium distances there are steel ropes and rods. Either will 
transmit a reciprocating motion, such as is used in pumping, while the 
wire rope will also convey a rotating motion from one shaft to another. 

For long distance transmission there are compressed air and electricity. 
No rule can be laid down as to the limits within which each means is 
applicable, and the particular medium chosen will depend largely on local 
conditions. In every instance, however, a badly designed and ill-con- 
structed arrangement is certain to absorb much of the power it should 
transmit. 

Steam is not included, being the least suitable of all means, and only 
to be used when there is no other alternative. In transmitting power by 
steam it should be understood that the quantity of condensed water drained 
from the pipes is no criterion of the loss involved. The loss is really the 
difference between the number of heat units placed in the pipe at one end 
and that available at the other. 
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Shafting. 

The use of shafting is generally limited to some particular house or 
building, and as arrangements often have to be worked out with the 
material available at the mine, it will be advisable to state the rules on the 
subject. The p>ower which may be conveyed by a shaft varies directly 
with the number of revolutions a minute; if the speed is doubled, the 
power capacity of the shaft is also doubled. 

It varies, too, according to the cube of the diameter of the shafting ; 
and if a shaft 2 in. in diameter transmits 8 H.P. at a given number of 
revolutions, a shaft 2 by 2 by 2 in., or 8 in. in diameter, will transmit 
8 by 8 by 8, or 512 H.P. 

When the horse-power and speed are known, the size of shaft required 
is found by multiplying the horse-power by 70, dividing by the revolutions 
per minute, and the cube root of the quotient will be the diameter of the 
shaft in inches. This provides for mild steel shafts; if wrought iron is to 
be used, multiply by 80 instead of 70. 

To find the horse -power that may safely be transmitted by a mild steel 
shaft, multiply the cube of the diameter in inches by the revolutions per 
minute, and divide by 70. 

In theory it would seem correct that a line of shafting from which 
power is distributed at intervals should decrease in size the further it 
extends from the source of power. This is often the case in mill driving : 
the shaft may be 6 in. in diameter at the engine, and only 3 in. at the 
further end of the mill. 

For general work, however, any small saving in weight or prime cost 
is more than offset by the additional sizes of pulleys, couplings, and 
bearings required. In all outlying districts every unnecessary size intro- 
duced is a step in the wrong direction, and there seems no reason why one 
diameter of shafting, say 2^ in., should not serve for machine shops, con- 
centrating house, cyanide plant, and all purposes of minor distribution. 
Such an arrangement would ensure interchangeability of parts throughout 
the works as far as shafting is concerned, and those who have faced the 
predicament know what it is to find the only pulley of the right diameter 
to be 2 in. too small in the bore. 

Shafting is made in lengths, and a line of shafting consists of two or 
more of these lengths joined together, the joints being made by means of 
couplings. English practice still adheres to the flanged coupling, although 
it is difficult to fix, more difficult to remove, requires a more accurate fit 
than ordinary gauge limit work supplies, and is therefore never true unless 
faced after it is keyed on. 

When a line of shafting " wobbles," the cause can generally be traced 
10 these couplings. Each length of the shaft may be true enough, but the 
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whole cannot revolve truly unless the face of each half coupling is* at right 
angles to the axis of the shaft. 

All this is avoided in the box coupling, which is easily put on and 
taken off ; not only does it centre the ends of the shafts, but will connect 
them when they differ in diameter. 

The box coupling consists of an outer casing bored taper at each end, 
and conical split wedges, which, drawn together within these tapered 
recesses by bolts, hold the shafts securely. The first cost is a little higher 
than that of the flanged coupling, but this may be regarded as an insurance 
against greater expenses caused by delays and misfits at the mine. 

The Bearing^ should be of the swivel type, self-oiling, and self- 
adjusting on their spherical surfaces. Such a fitting accommodates itself 
to the shafting, and permits a long wearing surface of cast iron or white 
metal to replace the ordinary brasses. These bearings are made in halves, 
each having a turned spherical projection in the centre. These projections 
swivel in the recesses bored to receive them in the stand holding the two 
parts of the bearing. They can be fixed in any position, and if required 
are fitted with a screw adjustment for regulating the height. 

The distance between the points of support, or the spacing of the 
bearings, is determined chiefly by the diameter of the shaft. As a rough 
rule for general guidance, when the shaft is 2 in. or less in diameter, 
multiply the diameter in inches by 4, the result is the distance between 
the bearings in feet; for shafts from 2 in. to 2 J in. multiply by 3.5; 
above 2 J in. and up to 3 in. multiply by 3. ' These distances permit 
distribution of power at intervals, but bearings should if possible be placed 
to afford support near couplings and at any points where more than an 
average amount of power is received or delivered. 

To prevent end play collars are fixed to the shafting, and are often 
placed either inside or outside the end bearings. A better arrangement is 
to fix the two collars at opposite ends of the same bearing, expansion of 
the shafting cannot then cause increased friction. 

Pulleys. — Wrought-iron pulleys are generally preferred, being lighter 
and less liable to breakage in transport. For convenience in putting on and 
taking off they are made in halves. When bolted together these halves 
have sufficient grip on the shafting for ordinary drives, or the friction 
between shaft and pulley may be increased by placing a sheet of emery 
cloth between them. For heavier work hollow-backed keys are used, sunk 
keys being only required for very heavy drives. 

The rim of the pulley should be 20 per cent, wider than the belt working 
on it. A crowned rim helps to steady the belt, especially at high speeds, 
but if the belt has to work over fast and loose pulleys, the driver should be 
flat on the rim. 
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For high-speed work the pulleys must be carefully balanced, or centri- 
fugal strains will be set up and transmitted through the shafting to the 
bearing ; these strains increase with the diameter and speed of the wheel 
and amount of unbalanced weight. 

Loose pulleys are conveniently lubricated by a cup in which a charge 
of grease, or solid lubricant, is pressed inwards by a spring piston. The 
lubricant is only fed when required, and such pulleys run for months with- 
out attention. 

In power transmission by belt pulleys the shafts may be either parallel 
with or at right angles to each other. The direction of rotation may be 
reversed, and the speed can be altered. The diameters of the driving and 
driven pulleys multiplied by iheir respective revolutions per minute will 
always be equal quantities. Therefore the number of revolutions in a 
given time varies inversely as the diameters of the pulleys, and if the 
driven pulley be half the size of the driver it will make twice as many 
revolutions. 

The rule for determining the diameter or the revolutions of a pulley 
connected with a known pulley is as follows: — Multiply the diameter by 
the revolutions of the known pulley, divide by the diameter or revolutions, 
as the case may be, of the unknown pulley. The quotient is the unknown 
number, either diameter or revolutions. Hence, to find the diameter of 
a driving or driven pulley, multiply the diameter of the known pulley by 
its revolutions and divide by the revolutions of the shaft for which the 
pulley is required. When the diameter is known and the revolutions are 
required, divide the product of the first pulley by the diameter of the 
second. Necessarily the two pulleys must be expressed in the same units, 
either inches, or feet and fractions of feet. The total power that can be 
transmitted between two pulleys is greatest when they are of equal 
diameter, since the power varies directly as the arc of contact between the 
belt and the pulley. Doubling the arc enables twice as much power to be 
transmitted, provided the other proportions are sufficiently strong. For 
this reason it is only under exceptional circumstances that one pulley 
should be more than four times the diameter of the other. 

Setting Out. — Granted that the shafting is proportioned in diameter 
and speed to the power to be transmitted, there still remain several 
conditions to be fulfilled. It must be level, straight, parallel with the 
shafts to which it is connected, its bearings must be aligned to avoid 
friction, and, if possible, the power should be distributed equally on each 
side of the shaft. The laying out will require the same care whether the 
bearings are self-adjusting or not. 

In setting out a line of shafting, the first thing required is a line repre- 
senting its centre. This may be either an extension of one already fixed, 
such as the crank shaft of an engine, or may be parallel with an existing 
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line. When both lines of shafting are in the same horizontal plane they 
may be squared with a line drawn at right angles to them, this being the 
only instance in which the ordinary square is of any use. 

When the shafts are at different levels, the horizontal distance to the 
new shaft is measured off and a line stretched parallel to and at the same 
level as the datum. This direction is then transferred in a vertical direction 
by plumb lines. 

The beds on which the bearings rest may now be worked to an even 
surface; they may be roughly levelled with each other, although it is not 
likely that the bearings themselves will all be of one height. When the 
bearings are to be carried on brackets, the faces on which these brackets 
rest must be perpendicular and equidistant from the centre line. 

The bearings are now placed in position and levelled, if necessary, by 
parallel packing pieces inserted beneath them. The simplest way of levelling 
is to run a parallel piece of shafting through two bearings, and test it in 
several places with a level which has a V groove planed out of its bed ; this 
groove ensures agreement between the longitudinal axes of the bubble and 
. the shafting. 

The bearings being now levelled and roughly in position, a wire or fine 
line representing the centre of the shaft is now run through them; they are 
adjusted until concentric with this line. The position of each bearing may 
now be pencil marked, and the bolt holes bored. These holes should be 
in the centre of those in the bearing sole-plates, so that a little room is left 
for final adjustment. 

After the shaft is in position and the driving pulley bolted on, but not 
permanently fixed, the laying off may be verified by a line stretched along 
the edges of the driving and driven pulleys. To obtain the best results 
the line must not be fastened to either pulley, but to a point beyond each. 
It should not touch either pulley, but cross each in as long a chord as 
possible. Mark the edge of the pulley where the line crosses it, say at the 
back, revolve the shaft until the mark is opposite the line in front. If the 
distances between the pulley edge and the line are equal at front and back, 
the line and shaft are at right angles to each other. By working to the 
same mark on the pulley edge the test will be equally effective, whether 
the edge of the pulley is true or not, but care must be taken that the shaft 
collars are adjusted so as to prevent end play, 

The driving and driven pulleys must each correspond with the line 
when tested in this way, allowance being made for any difference in the 
width of the rims. Should any alteration be necessary, the whole length of 
shafting must be moved, and again tested with a line to prove no deflection 
has occurred in its length. 

If these precautions are observed, the belts will run in the centres of the 
pulleys, show no disposition to creep to one side, and require neither guides 
nor rollers to keep them central. 
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Fig. 79.— 
Setting out a Quarter-turn Drive. 



When a quarter-turn drive is required, as in vanners and other machines, 
the two shafts must be at right angles to each other. A plumb line is hung 
from the centre of the driving face of the upper pulley, and the lower pulley 
adjusted on its shaft until its face is touched and bisected by the plumb line. 
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Belts. 



Power may be transmitted from one shaft to another by belts, ropes, or 
chains ; the two former are preferred as affording a more flexible drive and 
less rigid connection. Belts are made of leather, rubber, and various 
fibrous substances, such as flax, cotton, and hair. Leather belts weigh from 
10 to 16 oz. per square foot when double, and vary greatly in quality ; 
a fair idea of the quality being obtained by examining the length of the laps 
of which it is composed. Good belts have short laps, cut from the best 
parts of the hide, and not exceeding 4 or 5 ft. in length ; inferior belts have 
laps 7 and 8 ft. long and varying considerably in thickness. This variation 
may not be observable in the finished belt, as the thin part of one lap is 
placed against the thick part of another. Leather lasts well if given 
attention and dressed at intervals with dubbing dressing, or castor oil, 
though the last should not be used on belts with cemented joints ; in any 
case the surface must be kept soft, so that it laps lovingly around the pulley. 
The objections to the use of leather are, the numerous joints in the belt, 
inability to stand wet, liability to injury by rats and insect pests, and when 
not taken care of the surface hardens, slips on the pulley, and cracks. 

Rubber belts consist of layers of canvas bedded in, and faced with 
rubber ; they stand wet, but, like all rubber compounds, are subject to de- 
terioration in tropical countries. 

On the whole the fibre belt is the most suitable for general use ; it is 
made in one piece and is affected by neither water, heat, nor steam. The 
Balata type of belt gives satisfaction even under conditions precluding the 
use of leather. 

The breaking strain of belts varies from 3,000 to 6,000 lbs. per square 
inch of sectional area, the sectional area being the width of the belt 
multiplied by its thickness, both in inches. 

Four-ply Balata belting 6 in. wide (5.9 in. by. 27 in.) is a little over i J 
sq. in. in sectional area and breaks at 4.65 tons, or ^^\ tons per square 
inch, equivalent to a driving strain of 1,765 lbs. per inch in width. 

In practice, for a belt of this class, or its equivalent in double leather, 
5 per cent, of this total strength would be taken as the working load. 
Thus the working load will be about 50 lbs. per inch of width for single 
leather or three-ply fibre, and 75 lbs. for double leather and the thicker 
fibre belts. These loads may be and often are exceeded, but such excess is 
not conducive to the life of the belt. 

The power that can be transmitted with belting of any tensile strength 
varies directly as the speed and arc of contact with the pulley. The 
effective arc of contact is that of the smaller pulley of the pair and in no 
case can the arc exceed 180", unless a tightening roller is used. 

The useful effect transmitted by the belt is the difference in tension 
between its tight and loose sides, it increases directly with the speed, and is 



220 GOLD MINING MACHINERY. 

highest when the belt travels over pulleys of equal diameter. The average 
speed of belts is 4,000 ft. a minute, 6,000 ft. is about the limit, as at higher 
speeds the centrifugal force, due to the weight of the belt itself, decreases 
the belt's grip on the pulley. 

A safe rule is that i H.P. is transmitted for each inch in width of double 
leather or five-ply fibre belt running at 500 ft. a minute, and by each inch 
of single leather or three-ply fibre when running at 800 ft. a minute. 
Therefore lo find the width of double belting required to transmit a given 
power at a given speed, multiply the horse-power by 500 and divide by the 
speed of the belt in feet per minute. For single belting, multiply by 800 and 
divide as before. 

In laying out the work avoid vertical drives, and let the lower part of 
the belt always be the driving side ; the upper part, being slack, will sag 
and increase the arc of contact. 

The total length of belt for any drive is twice the distance between the 
shaft centres plus the semi-circumference of each pulley ; when the pulleys 
are of equal, or nearly equal, diameters deduct half an inch in each ten feet 
for stretch. The ends should be cut perfectly square, so that when brought 
up butt to butt by the tightener the tension will be equal on each side. 

The two ends may be joined by lapping them for a length equal to 
twice the width of the belt, and fastening with rivets, bolts, or laces. Alter- 
native plans are — to butt the ends and place a lap piece over them, to unite 
the butted ends by plates or laces, or turn up the ends and use fasteners. 
Of these the first two plans are suitable for heavy drives, while the last 
cannot be used with a tightening pulley, nor when the belt is handled while 
in motion. 

Laces are still used for joints passing under tightening pulleys ; they 
should be wetted before use and worked double, the up and down laces 
passing in opposite directions through the same hole. 

Joints made with plates last longer than laced ones, but j)lates should 
not be used under a tightening pulley, nor when there is considerable 
difference in the diameters of the driving and driven wheels. 

Should the belt run towards one edge of the pulley, the cause may be 
unequal tension in opposite sides of the belt, or, as is generally the case, 
that the shafts are not parallel with each other. 

Slipping of the belt is caused by slackness, too little width or arc of 
contact, want of adhesion, or insufficient speed for the power required. 
Chronic slipping shows that the belt, under the conditions of its use, is un- 
equal to its work. These working conditions may be improved by sub- 
stituting a perforated or a wooden pulley, or one covered with canvas, 
leather, or paper ; these coverings increase the adhesion of the belt to its 
pulley. A radical cure is to use larger ])ulleys, giving the belt a higher 
speed, or to use a wider belt with increased tension ; increasing the width 
without altering the tension will effect no improvement. As a temporary 
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measure, two belts may be used, one working on the top of the other ; the 
outer belt will then take part of the load, and by its tension increase the 
adhesion of the lower belt to the pulley. 

Round gut belts, such as are used for driving governors and light 
machine tools, are joined by screwing the end tightly into the socket, allow- 
ing the end to project a sixteenth of an inch, and burning this part off with 
a heated rod or wire. 
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Ropes. 

Cotton Ropes are used only for main drives and to transmit power 
from the motor to the shafting when the latter is required to run at a 
different speed. They are run at from 3,000 to 6,000 ft. a minute, and are 
stronger than belts, a good cotton rope having a breaking strain of 4 tons 
per square inch of area and a safe working strain of 250 lbs. Each rope 
is spliced at the ends, forming a complete belt, and works in grooves 
turned to receive it in the pulley face. The sides of these grooves slope at 
an angle of 40" to 45% and the adhesion of the rope to the pulley is largely 
due to its wedging in the V grooves. The splices must be carefully made, 
as the rope will not run smoothly if thicker at one part than another. 



Wire Ropes. — The average length of a good belt or rope drive is 
from four to six times the diameter of the largest pulley employed, and if 
this is materially exceeded, trouble is caused by the sag of the belt. There 
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is no such limit to the use of wire ropes, tensile strain and rotary motion 
may be conveyed for great distances, though in practice a mile s about 
the limit. Within this distance a well-designed rope drive will compare 
favourably with air or electricity, provided only transmission from point 
to point is considered, and not distribution at destination. 

The flexible kinds of ropes are the most suitable, they are speeded at 
2,000 ft. a minute, and require support at intervals according to their 
diameter, generally 120 ft The driving and driven pulleys have V-shaped 
grooves, lined with wood or leather ; for heavy strains at lower speed special 
pulleys are made with triggers in the rim, these triggers turn inwards and 
grip the rope when compressed by its passage around the rim. 

The average life of the driving rope is from eighteen months to two years. 
In testing a transmission plant in which 10 H.P. were sent 1,000 yards, 
the loss was found to be i J H.P. ; but when the distance was increased to 
5,500 yards the loss became 4 J H.P. When used for higher powers the 
loss per cent, is less, but for distances of more than a mile the loss increases 
at a higher rate than with either air or electricity. 
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Air and Electricity. 

When the problem is one of conveying power in bulk from an available 
source to the works, or to a distributing centre, the choice practically lies 
between compressed air and electricity. In no case can transmission be 
effected without loss; the inertia and friction of the generators, the 
resistance in conductors, leakage and loss of heat, all demand their 
percentage of the total power applied. 

As considerable capital outlay is involved, the whole question of power 
transmission is deferred until the mine is sufficiently proved to warrant the 
expense ; the mines on the Kolar Gold-Field, for instance, were proved to 
the extent of twenty years of dividends before electric power was intro- 
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duced. Such mines are naturally already equipped with steam plant, and 
compressed air has the advantage of being applicable to the plant already 
installed ; it is beneficial underground, easily stored in moderate quantities, 
and safe in use. 

The fact is, compressed air would be more economical if it were more 
dangerous ; the very safeguards necessary in dealing with electricity tend 
towards efficiency. The initial cost of the power generators is about the 
same in each case ; the cost of conductors in favour of electricity, especially 
when a high voltage is used. Air pipes require special preparation of the 
track on which they are laid, and in rough country this is no inconsiderable 
addition to the cost. 

The loss in transmission is rather less with electricity than with air ; 
a careful test made on a small scale, only 50 H.P. being transmitted for 
3 miles, showed a loss of 2.35 H.P. for electricity, and 3 H.P. when air 
was used. 

As far as mining is concerned there seems to be a great future for air 
as a means of power transmission ; in only a few instances has any advan- 
tage been taken of reheating before use (which alone makes a difference in 
efficiency of 20 to 25 per cent.), nor of transmission under the higher 
pressures which stage compression has rendered available. 

The relative merits of air and electricity depend on the conditions 
peculiar to each case, the advantage of the latter medium being greater as 
the power and distance increase. 

When one or two mines only are involved requiring from 500 to 800 
H.P. (a proportion of which is to be used underground), and when the 
distance is only a few miles of favourable surface, the advantages of a high- 
pressure air system are worth serious attention. This is especially the 
case when the motive power is water, and ample cooling is available. 

For larger installations, supplying power to groups of mines, electricity 
is indicated ; and it may be stated as an axiom that the higher the voltage 
the less the prime cost of conductors. For instance, the conductors 
required to convey a current of 500 amperes at 500 volts a distance of 
10 miles will weigh over 100 tons in copper alone, even allowing a loss 
of 25 per cent, in transmission ; but the same power could be conveyed 
as an alternating current at 5,000 volts with only 5 tons of conductors. 

The copper required for any given distance will be found to vary as 
the square of the voltage, hence the saving on the high tension system. 
The current may be generated at the tension required, or at a low tension, 
and transformed either by stepping up or boosters, the booster being less 
economical and generally used only on light average loads with increases 
of short periods. 

With the facilities offered by electricity and compressed air, both in 
transmitting and distributing power, it is strange so little has been done 
on mines towards centralising the power supply. All the power required 
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might be much more economically generated at a central station, placed 
where fuel could be easily delivered and water available. It could be fitted 
with mechanical stokers, filters, feed heaters, superheaters, and all the 
essentials to economic production of power, which could not be distri- 
buted to every isolated generator throughout the property. In fact, such 
an arrangement would do away with the small generator, working at 
low efficiency and requiring considerable skilled labour both in working 
and maintenance. 

The reason that nothing of this sort is attempted probably fs, that 
each successful mine passes through the different stages of exploration, 
development, and production, and is more or less separately equipped for 
each stage ; and it is not considered prudent to instal permanent plant until 
the future of the mine is assured. The system suggested is not intended 
to apply to well-developed fields, where the mines have passed through 
this stage and the work has been gradually concentrated at certain points ; 
but new fields and districts are constantly being opened up, and in each 
mine the earlier operations extend over a considerable length of the reef. 

Every point of attack must either dei)end on manual labour or have a 
Httle plant of its own for hoisting, and possibly for pumping; in such 
cases, surely the compressor should be the first thing erected. The saving 
in fuel and attendance alone would be considerable, and power is made 
available at any part of the property by merely laying a pipe. As develop- 
ment proceeds additional compressor units could be added, or electric 
distribution installed before the permanent plant is fixed, the compressors 
being then relegated to the underground work. 

The following particulars give some idea of power transmission services 
already in use, the data referring to the North Star Mine being extracted 
from the Proceedings of the Institute of Mining and Metallurgy, 

At the North Star Mine the power generator is a Pelton wheel, \Z\ ft. 
in diameter, operated by 240 cub. ft. of water per minute, under a pressure 
of 310 lbs. per square inch; at this pressure the velocity of the jet is 
12,736 ft. a minute, and the discharge 88 cub. ft. per square inch of jet area. 

The wheel runs at no revolutions a minute, and is directly connected 
to a compound duplex tandem compressor, having i8-in. low-pressure 
cylinders delivering the air at 25 lbs. pressure to the lo-in. high-pressure 
cylinders, the latter delivering the air at a working pressure of 90 lbs. per 
square inch. 

In its passage between the high and low pressure cylinders the air 
traverses an intercooler consisting of forty-nine copper pipes, each i in. in 
diameter, and affording 230 sq. ft. of surface cooled by the waste water 
from the wheel. 

The air mains are 6 in. in diameter, and the air is heated before use to 
a temperature of 300° Fahr. in a heater which burns a cord of wood a day, 
and has 395 square feet of heating surface ; the pipes leading from the 
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heater to the winding engine and mine pumps are well covered with non- 
conducting composition. 

With a jet 2f square inches in area, and passing 240 cub. ft. of water a 
minute, the theoretical H.P. is 327 ; of this amount the wheel yielded 293 
H.P., equal to 88 per cent, of the total power applied. The compressor, 
delivering 192.5 cub. ft. of air a minute at 90 lbs., indicated 271 H.P., or 
an efficiency of 90 per cent, of the power applied. 

Subsequent alterations to the nozzle resulted in 304 H.P. being 
obtained from 220 cub. ft. of water with a fall of 730 ft, or a generator 
efficiency of 90 per cent. ; the compressor indicating 250 H.P., or 82 per 
cent, of the power it received. 

Out of 300 H.P. generated, it was found that 200 H.P., or 66 per cent., 
were represented in work done in the winding engine and pumps. 

The following particulars of a transmission plant erected by the 
IngersoU-Sergeant Company contain some interesting references to those 
minor arrangements on which the efficiency of a plant so largely depends. 
The boiler-house, 39 ft. by 69J ft., contains three water-tube boilers of 250 
H.P. each ; mechanical stokers are used and the chimney dispensed with, 
draught being obtained by a 90-in. fan driven by an engine automatically 
regulated by the steam pressure. 

The engine-house is 63 ft. by 69 ft., and the floor stands 9 ft. above 
the boiler floor, all the condensers and intercoolers being located in the 
basement. 

The treatment of the feed water is worthy of notice, as it contained 
12 grains of solid matter to the gallon. The feed was flrst settled in a tank 
containing three-quarters of a million gallons, and given a preliminary 
warming by the exhaust from the air pumps and other auxiliary engines, 
then raised to a temperature of 212** Fahr. in a heater, and Anally brought 
to boiler temperature in a third heater. Treated in this way the water 
forms no scale in the boilers. In dealing with this subject in the chapter 
on fuel and feed, it has already been pointed out how closely allied are 
heating and purifying, and in fact, that heating includes purification. 

The compressors are a pair of cross compound condensing two-stage 
Corliss engines, making 90 revolutions a minute. The steam pressure is 
180 lbs., the high-pressure cylinders 20 in., and the low-pressure 44 in. 
in diameter, the stroke being 4 ft. The air cylinders are 24^ and 39^ in. 
diameter, and deliver 6,000 cub. ft. of free air per minute compressed to 
100 lbs. per square inch. 

Before entering the low-pressure cylinders the air is washed and cooled 
by being drawn through an arrangement of six hundred tubes with their 
lower ends dipping 2 in. below the surface of the water. The air is again 
cooled during its passage between the cylinders, and reheated to 300^ 
Fahr. before use. Special stoves are used for the heating, but in some 

p 



226 GOLD MINING MACHINERY. 

parts of the distribution scheme the boilers, no longer required, are made 
to do duty us heaters by keeping a small coke fire on a portion of the 
grate. 



Flo. So.— Three-iam EleclricaUy-driven I'ump. 

The air mains vary from 8 to 12 in, in diameter, and are similar to 
those used in oil work, being about 25 per cent, cheaper than ordinary 
piping; under test these mains retained their pressure for twelve hours. 

The whole installation has dispensed with forty-nine steam boilers with 
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an aggregate of i,8oo H.P., and shows a clear saving of ten thousand 
pounds a year in fuel and attendance. 

One of the longest electric transmission schemes ever arranged was 
that from the Neckar Falls to Frankfort, a distance of 112 miles. At the 
Falls a 300 H.P. dynamo generated a three-phase alternating current of 
1,490 amperes at 50 volts. This was then transformed to 30,000 volts, and 
transmitted over three naked copper wires, each 4 mm. in diameter. On 
arrival at Frankfort the current was again transformed by the step-down 
process to 100 volts. 

Out of 80,500 watts transmitted in this way 58,000 were received, an 
efficiency of 72 per cent, in transmission, this remarkably good result 
being in some measure due to the form of oil insulator adopted. In other 
transmissions of not much more than a tenth of this distance the loss has 
been as high as 17^ per cent. The loss in transmission from point to 
point is largely a matter of initial outlay ; the larger the conductors and 
more perfect the insulation the less the loss will be. 

In a transmission scheme for mining purposes in Wales, a 300 H.P. 
Pelton wheel operates two direct current dynamos generating 1 70 amperes at 
500 volts. The installation is remarkable for the way in which the current 
is governed by an automatic reversible booster, which admits current 
to, or supplies it from, a battery of accumulators. When the current 
generated is more than is required, the excess is diverted automatically 
to the accumulators, which in turn give out current when the demand 
exceeds the supply. 

At another mining installation water wheels of 375 H.P., working 
under 860 ft. of water, operate a 250 kilowatt dynamo generating a three- 
phase alternating current of 2,750 volts. In this instance the distance is 
about a mile, and the loss stated to be only 2 per cent, of the force 
transmitted. 

Those interested in this branch of the subject may with advantage 
consult " Electricity as Applied to Mining," by Messrs Lupton, Parr, and 
Perkin.* 
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CHAPTER XIV. 

TRANSPORT. 

Tram Lines — Rails — Sleepers — Laying Track — Points — Turntables — Trucks — Light 
Railways — Locomotives— Ropeways, Various Systems— Telpherage — Mono-rails — 
Belt Conveyors — Elevators. 

A LARGE proportion of the work in mining operations consists in moving 
and transporting weights, and the methods adopted for this purpose and 
the details of the equipment demand special attention, as a saving of even 
a fraction of a penny per ton amounts to a considerable sum on the 
tonnage handled during a year. Most of this weight passes over tram 
lines, which will often be found badly laid, poorly supported, and com- 
posed of rails too light for the working conditions, these defects being, if 
anything, more noticeable below ground than on surface. Whatever gauge 
be adopted it should be uniform above and below ground, the same rails 
and fittings employed throughout ; both rails and trucks are then suitable 
for service at any point. A fairly wide gauge is necessary to ensure 
stability to the moving load, and to lessen the height of the trucks for 
any given capacity. As a rule an i8 or 20 in. gauge is adopted. 

The rails used throughout the mine should be uniform in section and 
weight, 12 and 14 lbs. per yard being serviceable sizes for general use. A 
ton of lighter rails reaches farther, but the saving is not as great as it 
appears, as more sleepers will be required, and it must be remembered 
that the weight a rail will carry when supported by a firm ballasted track 
is no criterion of its capacity when laid on soft ground, or supported at 
irregular intervals. For light locomotive work the 20-lb. rail is the lightest 
that will be satisfactory, unless the ground is particularly firm or the track 
well ballasted. 

The fish-plates are usually altogether too flimsy, some patterns being 
nearly cut in two by the bolt holes. They should be wide enough to bear 
firmly on the upper and lower rail flanges, and be secured by either square 
or oval necked bolts. 

Sleepers. — Wood is generally used for this purpose, and, owing to its 
elasticity, it is perhaps the best material for roughly laid tracks. As a rule 
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ample sectional area is allowed, but the length is often deficient, and a 
considerable area of support on the outside of the rail is essential, especially 
when the ballast is inadequate. For a 20-in. track the sleepers should 
average 3 in. thick by 4^ in. wide, and not less than 3 ft. long. 

The rails are secured to the sleepers by dog spikes ; and as much of 
the rail laying is for temporary purposes the dogs should have ears at the 
back, so that they can easily be withdrawn by using a crowbar. When 
hardwood sleepers are used, holes must be bored to receive the spikes, the 
diameter of the hole being equal to the side measurement of the spike. 
No danger from white ants need be apprehended if the line is in fre- 
quent use. 

Steel sleepers are made in many forms, both rolled and pressed. The 
ordinary rolled trough-shaped sleeper is secured to the rail by a bolt 
])assed from beneath it; such an attachment is difficult to renew. The 
trough shaped sleeper, being open at each end, has no hold on the ground, 
and the line is easily distorted on curves by the outward pressure of the 
load. Another form is rolled with a corrugation in which a hook bolt is 
placed to pull the rail against a clip. In this form the bolt may easily be 




Fig. 81.— Pressed Steel Sleeper. 

replaced, but the sleeper itself lacks rigidity and is easily deformed when 
supported only by soft ground. The rolled sleeper is quickly laid and 
may with advantage be used for temporary purposes and light loads. 
Additional length outside the rail is not so important in this case, as the 
sleeper lacks the necessary rigidity to convey the support to the rail. 

The pressed sleeper (illustrated in Fig. 81), though more expensive, is 
free from all the above objections and suited to the heaviest tram service 
or light railway work. The pressed flanges ensure stiffness, the down 
curved ends hold the ballast and prevent distortion of the line on curves, 
its total length is double the rail gauge, and all screw fastenings are dis- 
pensed with, the rail being held by a simple key. About two thousand of 
these sleepers to the mile make an excellent road for light locomotive work. 

Tram Lines. — Although the material supplied may not always be 
the most suitable, the fact remains that most of the defects in tram lines 
are due to imperfect laying of the track. It is considered "near enough" 
if the sleepers are so spaced as to prevent the rails from spreading suffici- 
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ently to let the truck drop through. The vertical deflection of the light 
rail is not considered, but possibly brought to the notice of the unfortunate 
trammer, compelled to push his load constantly uphill. The same indi- 
vidual also has to overcome the friction of wheels pressed gainst the axle 
boxes, owing to ihe two rails being at unequal heights. It is true the 
load is a light one, usually not more than 12 or 15 cwt., but the motive 
power is small in proportion. 

It is evident, then, that a badly-laid track increases not only the labour 
of tramming, but also the wear of all rolling stock ; in addition, work is 

10 lbs. per yard. 14 lt». per yard. 16 lbs. per yard. 



Fig. S2.— Standard Sections of Light Steel Rails. (Dick, Kerr, Si Co.) 

delayed by frequent derailments. All these things cost money, and a 
fraction of the total cost would have provided a good track in the first 
place. 

To any workman of ordinary intelligence, it is as easy to lay a piece 
of track well as to do it badly, and the extra time required is of little 
moment. In preparing the road-bed, the ground may be roughly levelled 
with a spirit-level and staff, or by boning should the track be on an incline ; 
the prepared surface should be covered with ballast if it can possibly be 
procured. Any ballast that alfords free drainage for water lengthens the 
life of wooden sleepers besides increasing the strength of the track. I 
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The sleepers are then spaced out about 2 to 2^ ft. apart from centre to 
centre, and the rails spiked down to gauge, care being taken that the ends 
of the two rails are square with their length, or the sections will not join 
up properly. The different rail lengths are then fastened together with 
fish-plates and bolts, the track lined up for direction by slewing with crow- 
bars at the sides, and levelled up by packing ballast beneath the sleepers. 
If a section or two are checked with a spirit-level, the work may be carried 
on by the eye; a glance diagonally across the rail tops will detect any 
inequalities, and the level can be used at intervals as a check. 

Each sleeper should be packed evenly, not for its entire length, but 
for 6 to 9 in. on each side of the rails. A sleeper that is insufficiently 
packed does not bear its share of the load and springs as the weight passes 
over it ; water collects beneath it, and more packing is worked out by the 
splashing of the water, until the sleeper only adds to the weight on the rail. 

Any attempt at slewing a piece of straight track around a curve only 
results in injury to the rail fastenings ; a gradual change of direction may be 
made in this way if the radius permits, but for short curves the rails should 
be bent with a jim-crow. This tool is applied at equal distances along 
the length of the rail, the distance and amount of deflection depending on 
the radius of the curve. To allow play for the wheels, the gauge on curves 
is always kept slack; some of the rolled steel sleepers do not permit 
any change to be made, but if pressed ones are used, the keys are driven 
outside the rails on straight track, and inside on curves. This arrange- 
ment allows the gauge to expand on curves by twice the thickness of 
the key. A slight superelevation of the outer rail eases the work of 
tramming around curves considerably. In light railway work the rule for 
finding this superelevation is as follows : — The gauge in feet multiplied by 
the square of the velocity in miles per hour divided by the radius of the 
curve in feet multiplied by 1.23 equals the superelevation of the outer rail 
in inches. 

Points. — Points are of two kinds, one having the tapered rail, as used 
in ordinary railway work ; in the other pattern one pair of rails is shifted 
and replaced by the other, a form still used on some of the main lines in 
the Western States; the former is smoother in action, the latter best 
adapted to rough usage, and less likely to get out of order. In laying 
out points, the curve should be an easy one, an extra length of rail being 
placed between the point and crossing if necessary. Guard rails will be 
required at the crossing, and the point lever should be fitted with a balance 
weight to ensure that the points are either open or shut. Sleepers of 
additional length will be necessary to carry both lines of rails until their 
divergence is sufficient to permit the use of ordinary lengths. 

Turntables. — When the space available is insufficient for a curve. 




Fig. 83. —Tumi ii bit. 
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the direction of the road may be changed, or two tracks joined, by a turn- 
table. In the patterns usually made for narrow tracks the weight is carried 
on the centre pivot ; this necessitates clearance around the outer edge of 
the table, and allows it to dip as the load is moved ; an even junction at 
the rail ends is therefore impossible. 

A satisfactory table can be made from the particulars given in Fig. 83 ; 
the tapered circular rails on which the wheels run can be bent from 
grizzly bars, and the remaining materials will be found on every mine. 

The table should be fixed on bearers or supported on a timber frame. 
Flat sheets are preferable for underground work, their surfaces being either 
greased or kept wet ; the rail ends, where they join the sheet, are tapered 
down and splayed outwards, so as to guide the truck wheels within 
the track. 

Trucks. — The ordinary mine truck is of 10 cub. ft. capacity, and holds 
half a ton, or of 15 cub. ft. and holds three-quarters of a ton. In either 
case the height must be reduced as much as possible, both for the sake of 
stability on the track and convenience in filling from chutes and faces ; it 
must also be light and strong, must tip cleanly, and not be easily derailed. 
As a rule, these conditions are more completely fulfilled in those made at 
the mine than in imported ones, and the design shown in Fig. 84 will be 
found to give satisfaction. 

The body is built of steel plates, either ^ or /^ in. in thickness, the 
bottom being of ^-in. plate ; if made of wood, the sides will be i^ or 2 in. 
thick, and greater over-all dimensions required for a given capacity ; even 
in steel trucks the bottom is often protected by a renewable timber lining, 
as illustrated. 

The sides project over the wheels, the increased width permitting the 
height to be reduced ; the top edges are stiffened by a flat bar riveted all 
around, this method of strengthening being more amenable to repair than 
when the plates are rolled over a round bar. 

Most mine trucks are of the end tip variety, the tipping angle depending 
on the height of the body from the rails and the position of the front axle ; 
the closer the front axle to the front of the truck the better the angle, but 
the greater the weight to be lifted in tipping. The truck shown gives a 
particularly clean tip, and discharges well even when the contents are wet. 
The catches securing the door are worked from behind, and side handles 
are provided for guiding the truck around curves, and slewing it on flat 
sheets. Buffers and draw-hooks are not needed, as each truck is handled 
singly ; the wheels, axles, and bearings are all interchangeable. 

There is no doubt that on rough tracks and sharp curves the loose 
wheel works with less friction than the fixed, but the ordinary method of 
securing it to the axle is faulty, as grit and dirt are allowed to enter the 
axle box each time the truck is filled. This does not happen with the 
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Fig. 8s.-Mine Truck. End View. 
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solid boss wheel as used in U.S.A. ; in Fig. 85 the wheels are protected 
by the overhang of the body. Steel wheels are lighter, and the disc pattern 
collects less dirt than the spoked variety; the tread should be tapered 
and joined to the flange by a full curve ; a square flange joined to the tread 
by a narrow corner causes the wheel to mount the outer rail on curves. 
In this particular truck the axles are formed of hydraulic tubing, if in. 
outside diameter, holding a week's supply of lubricant for the wheels ; as 
the back axle is not rigidly connected to the frame in a vertical direction, 
it is free to accommodate itself to the inequalities of the track. 

The hinge pin of the door is interchangeable with the bolts holding 
the wheels and the axles together ; a well-braced frame is placed between 
the axles and the body, so that the former shall be parallel to each other 
and square with the body, in spite of rough handling and bad treatment. 

Fig. 84 does not make it quite clear that the distance pieces for spacing 
the axles are kept in position by a set screw through each boss. 

Light Railwajrs are used on many properties for transporting 
supplies, ore, and fuel ; also for connecting the works with other transport 
systems, such as main lines and waterways. To keep the earthwork 
within reasonable limits it is generally desirable to follow the contour of 
the ground ; a preliminary survey will decide the difference in levels of the 
terminal stations, and give a rough idea of the direction to be followed. 
The data obtained in the cross sections and contours will enable the line 
to be i)egged out to best advantage, the cuttings being roughly equalled 
with the fillings, and the inclines kept within the limits determined on. 
As a general rule it may be said that an inclination of i in 40 is about the 
limit for useful traction, either by light locomotive or animal power. 

In tropical countries drainage demands particular care, and means 
must be provided for dealing with heavy downpours, as well as preventing 
accumulation of water along the line, as this, if allowed to take place, 
causes settlement of the earthwork and displacement of the rails. 

For light locomotive work a gauge of not less than 2 ft. is desirable, 
though gauges of 18, 20, and 22 in. are often used; the rails should not 
be less than 20 lbs. to the yard; and about 2,000 sleepers to the mile 
should be provided. As the line frequently proves of more use than was 
anticipated, it is advisable to provide, at the first, turn-outs where traffic 
coming in opposite directions may pass. 

Light locomotives are made with cylinders 4 by 8 in., and 5 by 10 in., 
weighing about 4i and 5 tons respectively ; provided with a leading bogie 
or radial axle, such engines can get around curves of 40 ft. radius, though 
nothing less than a chain radius should be allowed where space permits. 
On an incline of i in 40 these small engines haul about their own weight. 
The radial type of valve gear, although more exposed to injury, will be 
found more convenient and accessible than eccentric gear placed within 




9i 
> 

O 

B 
o 

o 



•& 



B 
it 

c 
a 



u 
C 

c 






TRANSPORT. 237 

the frames. A horizontal baulk of timber, bolted across each end of the 
frame by the cow-catchers, is useful in supporting the weight of the engine 
should it run off the line. 

Traction with engines charged with air at high pressure has not been 
successful ; electricity, on the other hand, is a valuable medium for the 
purpose, and is employed in engines of many hundred horse-power in as 
low a potential as 220 volts. It is probably on account of the irregularity 
of the workings that mechanical traction and haulage are so little used in 
metalliferous mines. 

The rolling stock will comprise trucks and waggons of different patterns, 
with central couplings and buffers, a brake to each vehicle and a spring 
over each axle bearing. Allowing ^500 a mile for earthwork and grading, 
a light line with locomotive, trucks, points, sheds, feed tanks, and cleaning 
pit, will cost about ;^2,ooo a mile ; the estimate being necessarily a rough 
one, so much depending on the cost of transport to the mine. 

Wire Ropeways. — Opinions are by no means unanimous as to the 
relative merits of ropeways versus tramways ; on some mines the former 
give every satisfaction, while elsewhere they are condemned and endeavours 
made to replace them with tram lines. Ropeways work well when properly 
erected, when designed for the work to be done, and the particular con- 
ditions of service ; they have the advantage of being applicable to rough 
country and gradients precluding the use of other means. 

No particular pattern of ropeway is suited to all-round service, several 
styles and types are made, each being applicable to some ruling condition 
of load, incline, and span. A careful study of these conditions must be 
made before any decision is arrived at, and having collected all the data, 
it is well to be guided by the advice of some experienced manufacturer. 
Generally speaking, the direction should be chosen with greater attention 
to horizontal deviation than vertical deflection, as curves increase both the 
prime and the working cost. In every case the load to be carried is 
suspended from an overhead rope ; this may be in motion or at rest, in the 
latter case the load is moved by a second rope. 

The simplest of all systems is a single rope placed on an incline, with 
carriers running freely on it; such an arrangement being only possible 
when the loading station is above the point of delivery. A J-in. rope, 
stretched in this way by a simple capstan or winch, will carry loads up to 
I cwt. on spans up to 1,000 yds., the incline being 6 ft. in 100. Such a 
system provides a ready means for transport of ore and fuel, especially in 
hilly country. 

For general mining use, for conveying fuel, ore, sand, and residues, an 
endless running rope may be used, with carriers resting on it, but held 
by frictional contact only ; each carrier can then be readily stopped for 
loading and unloading. But this system is suitable only for light loads 
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not exceeding 6 cwt., for spans not exceeding 600 ft., for inclines of not 
more than i in 3, and for tonnages of not more than 50 tons an hour. 
These conditions, however, cover all usual mining requirements. At 
one end of the line the rope passes around a drum connected with the 
motive power and brake gear, at the opposite end around a similar drum 
controlled by the tightening gear, intermediate support being afforded by 
posts and piers placed about 200 ft. apart. The carrier is suspended by 
a curved hanger from the carriage, which is fitted with vee blocks resting 
on the rope, these blocks being lined to afford additional frictional hold. 

Two small wheels project from the carriage and engage with rails at 
the terminal stations; these rails, being slightly inclined, raise the vee 
saddles from the rope and disengage the carrier. 

The load is contained in dumping buckets filled from bins fitted with 
swinging chutes acting as doors, the loading therefore causes little delay, a 
constant succession of empty carriers being received, and full ones despatched. 

The approximate cost of a mile of straight line on this system would 
be ^1,250, exclusive of power, posts, freight, and erection. The speed of 
the rope and load would be four miles an hour, and the cost of carriage 
from two to four pence per ton mile, the cost of fuel being additional. 
The figures in this section, and much of the information, are kindly 
supplied by Messrs Bullivant & Co., Ltd. In comparing the prime cost 
of rope and tramways, allowance must be made for difference in cost of 
erection ; the earthwork, in the case of the ropeway, being confined to the 
terminal stations and post holes. 

In a variation of this system the carriers are permanently fixed to the 
rope, the total weight carried is then evenly distributed, and can be taken 
up any incline ; but the carriers cannot be stopped for loading without 
stopping the entire circuit, and the arrangement is less applicable to 
handling ores, sands, and loose materials. 

The pattern in which the main ropes are fixtures and used as suspended 
rails is applicable to a greater load unit and wider spans ; it is used when 
the loads, tonnage, spans, and inclines exceed the capacity of the types 
already mentioned. These main ropes are anchored at one end of the 
line, tightened at the other, and supported between these points at intervals 
of about 300 ft. The carriers are hauled at speeds of four to six miles an 
hour by a moving rope, and are attached to the running rope by clips, 
which automatically disengage on reaching the discharging point or 
terminal station. 

The price cost of a mile of this ropeway carrying 10 tons an hour, in 
loads of 4 cwt., spans not exceeding 350 ft., inclines not more than i in 
10, will be about ;^i,33o ; any increase in span or incline adding slightly 
to the cost. This form is used when the inclines are too steep for mere 
frictional contact, and can be arranged for spans up to 1,200 ft., 350 ft. 
being a limit more of cost than of width. 
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Modifications of this system are adapted for spans up to a mile in 
length, for loads up to 4 tons, and inclines of 40"* and 45° ; in such cases 
the load is taken by one carrier, running to and fro on the same rope, or 
returning on a parallel one. 

The main rope is connected with the anchorage chains by blocks and 
falls, which serve not only to tighten the rope, but to take up any stretch 
that may occur. 

The anchorage consists of a horizontal bearer sunk in the ground and 
supported by headers placed in front of it to distribute the weight; 
anchorages for spans of unusual length being made by iron girders em- 
bedded in concrete. The motive power may be steam or water; the 
amount required depends mostly on the inclines, very little being required 
for a level track. When the discharging point is below the loading station 
the descending load will suffice to pull the empty carriers up, and in this 
case the descent of the loads is regulated by brakes. The tonnages and 
spans mentioned in this section must not be taken in any way as limits, 
they merely form a basis for arriving at some idea of the cost per mile ; a 
delivery of forty tons an hour can easily be arranged for and the lines 
duplicated to any extent. As instancing what can be done with a light 
ropeway, one span of 1,000 yds. is in use, the standing rope being J in. 
and the running one \ in. in diameter. Eight loads of i cwt. each are 
carried at a speed of a quarter of a mile a minute. 

According to its arrangement, the ropeway offers a quick service of 
light loads, or fewer loads of greater weight ; it is applicable to situations 
where the gradients are too severe for tram lines or light railways, and is 
a means of hoisting and conveying in one motion, as required in the 
disposal of tailings or residues. 

Telpherag^e is electrical traction, and is an automatic process in so 
far that each load has its own motor and is not accompanied by a driver. 
The load may be carried on rails, but is usually conveyed in a carrier 
having two grooved wheels running on an overhead wire rope; these 
wheels being driven by a motor taking current from a wire above them. 
The current, which is usually a direct one, is supplied separately to 
different lengths or sections of the conductor, each section bding controlled 
by a switch ; by movement of the switches the operator is able to stop or 
start the carrier in any section. By introducing resistances the speed 
can be reduced in going around curves, and on reaching its destination 
the carrier automatically switches off its own current and comes to a 
standstill. 

As a rule each line forms a complete loop or circuit, the carriers 
moving only in one direction ; the carrying rope is supported at intervals 
of about 100 ft., the distance depending on the load. The attachment of 
the rope to the supports allows free passage of the carrier arms, and as 
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the weight is entirely below the point of suspension, the wheels have no 
tendency to leave the rope. The objection to this system of conveyance 
lies in the skilled attention required by the many motors and other 
electrical details. 

The Mono-rail system consists, as the name implies, of a single rail, 
which is supported by steel bearing plates attached to it at intervals, these 
plates resting directly on the ground. The cost of track laying is reduced 
to a minimum, not only is no expense incurred in laying two rails to 
gauge and maintaining the gauge afterwards, but the surface of the ground 
requires scarcely any preparation. On any ordinary surface the bearing 
plates would simply rest on the ground ; only in case of exceptionally steep 
slopes would the ground be levelled or prepared for them. The truck is 
supported on fore and aft bogies, the wheels being doubly flanged ; the 
body of the truck is so arranged that the load may be equally divided on 
each side of the rail, and therefore balanced. When intended for manual 
labour a pole is fixed horizontally at the back of the truck, and as the 
leverage is considerable, a very slight pressure serves to complete the 
balance of the load. For animal traction a third wheel is added which 
runs on the ground by the side of the track ; in either case the lower part 
of the truck is only just clear of the ground and remains at a convenient 
angle for loading when the handle is released. 

Owing to the double bogies on the trucks the sharpest curves are 
readily negotiated ; the long load base and numerous rail supports permit 
a light 'section of rail to be used, one that can easily be bent to follow 
contours without special appliances. The cost of laying has been given 
as low as twenty pounds per mile, and there is no doubt the system is 
suitable at all events for pioneer work and for feeding light railways ; this 
is especially so when used for such temporary work as fuel collection, 
when the tracks have to be relaid at frequent intervals as the ground 
surrounding them is denuded of timber. 

Belt Conveyors. — The belt conveyor is an excellent means for 
transporting a continuous load for short distances, and is largely used 
for linking up the mine shaft and mill, for distributing the ore to the 
different bins within the mill, and is also replacing the revolving sorting 
table. The wear and upkeep are light, the chief expense being in the 
original outlay, and it is mainly on account of the cost of the belt that its 
range of action is limited. 

The belt is made of canvas faced with rubber, it suffers little from 
abrasion, is made without flanges, and caused to assume a trough shape 
by the rollers on which it works. An average belt would be from 20 in. 
to 24 in. wide, be formed of eight plies of canvas, would run from 200 to 
300 ft. a minute, and convey 40 to 50 tons an hour. 
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When employed in distribution work, special adjustable arrangements 
are provided causing the belt to discharge its load at any required point. 
The two ends of the belt need not be at the same level ; provided the 
material is fairly dry, an inclination of even 20** in no way interferes with 
the action. 

Elevators arc used for raising loads rather than transporting them ; 
they are employed when the mill site has insufficient fall for an automatic 
process, and the ore has to be lifted to a higher level for further treatment. 
Raff wheels answer the same purpose, but occupy more room, as their 
diameter must always exceed the height of lift required. The ordinary 
elevator consists of an endless series of buckets which contain the mateiial 
to be raised, and works over pulleys at the highest and lowest points of 
the lift ; the material being in either a wet or a dry state. The different 
patterns vary in the means adopted to join these buckets into a revolving 
band; linked chain may be used for short lifts, but the wear is severe, 
owing to sand and grit working into the hinged joints. 

A more usual plan is to fasten the buckets to ordinary belting ; they 
are spaced from 12 to 18 in. apart, the total number depending on the 
height of the lift, tonnage to be handled, and strength of the belt. Each 
bucket is secured by two or more bolts, in a horizontal row near its lip, 
and passing through a strip of iron at the back of the belt. The speed of 
the belt is from 300 to 350 ft. a minute; if run at a higher rate it is 
difficult to get a clean discharge. 

The wear and life of the elevator depend largely on the feed being 
properly delivered to, and taken by, the buckets as they pass around the 
lower pulley. If a proportion of the feed misses the buckets it accumulates 
in the boot, and has to be scooped out by the buckets; a process 
very destructive to fastenings, and the strain often tears the buckets from 
the belt. 

This is less likely to occur when the buckets are fastened to the inside 
of the belt, in which case skeleton pulleys with openings in the rims to 
receive the buckets will be required ; such pulleys must be overhung, or 
supported by arms on one side only. I'his type loads and discharges 
well, but the spacing of the buckets cannot be varied, as it must always 
agree with the openings in the pulleys. 

It is sometimes difficult to receive the fall of wet pulp, such as the 
discharge from an elevator, as even old stone-breaker jaws are quickly worn 
through by the constant attrition. The best plan is to build a box below 
the point of discharge, so that the pulp will fall on that already bedded 
within the box ; as the bedding is being constantly renewed it needs no 
attention and costs nothing for repairs. 
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CHAPTER XV. 



PIPING AND JOINTS, 

Kinds of Pipe — Table of Threads — ^Jointing — Sleam Pipes, condensation in ; Loss of 
Pressure in — Water Pipes, capacity — Air Mains, leakage — Power Supply Pipe — 
Flanged Joints — Red Lead and Rust Joints. 

The higher classes of solid drawn tubing are little used in mining work, 
the pipes generally employed being either butt or lap welded. The latter 
is the stronger of these two varieties, though in each there are qualities 
varying from the flimsiest gas tubing to stout hydraulic pipe. When 
ordering it is usual to specify the bore and maximum pressure, rather than 
define in any way the thickness of metal of which they are to be made. 

There are, however, two evils to guard against, the first being an 
introduction of both English and American pipes to the same property. 
These diflfer in the pitch of their screw threads, and not only are they not 
interchangeable, but each make requires a separate stock of fittings and 
connections. The objection does not apply with so much force when the 
piping forms part of a complete outfit, as in diamond drilling plant ; but 
endless confusion arises from the general employment of two different 
kinds of pipe. When ordering pumps and other machinery of American 
manufacture it is advisable to specify for either English pipe threads or 
plain flanged connections. 
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The second evil is the introduction to the mine of a number of un- 
necessary sizes of piping, each requiring a separate stock of fittings and 
attachments ; the more remote the mine, the greater this inconvenience is 
felt. Such piping is seldom ordered from choice, the real offender being 
the manufacturer of machinery supplied from stock, and in many cases, 
especially with pumps, the machines are intended for mining work. When 
these sizes are once introduced to a mine, they remain until the plant 
requiring them is worn out or discarded. There is no weighty reason for 
a pump being fitted with a i^in. steam or ij-in. exhaust pipe ; such sizes 
as I, 1 4, I J, 2^ and even 1 J and 2 J in., could very well be dispensed 
with. There would be a great saving in the stock of fittings required, not 
to mention the screwing gear, if only i, 2, 3, and 4 in. pipe were allowed 
on the mine. It might occasionally happen that a pipe would be a trifle 
larger than the work necessitated, but this would usually be an error in the 
right direction. 

In joining together lengths of screwed piping, the cleanness of the screw 
threads is an essential feature. Whether the lengths are new or have been 
used before, it is advisable to run an old pair of dies over their screwed 
ends to ensure a clean thread. The coupling should be removed, it is not 
necessarily pressure tight because tightly fixed to the pipe, and a tap be 
run in at each end sufficiently to clear out the screwed part ; even new 
pipes are generally damaged and battered at the ends by the time they 
are delivered. A little time spent in ensuring the fit of the screwed parts 
will be amply compensated in the speed with which they can afterwards 
be connected. The pipe should be a fair fit in the coupling all the way 
in, not merely be tight for the last two threads when the shoulder is 
reached, as such joints always work slack with expansion and contraction. 
Another necessary precaution is to clean the bore of the pipes, since any 
sand or grit is eventually carried into the motors, and cuts and otherwise 
damages the valve gear. In one case three miles of piping had to be 
almost entirely relaid ; inside were found sticks, ropes, chains, oxen yokes, 
corn sacks, and various other rubbish that had accumulated during trans- 
port. The pumps had been endeavouring for three weeks to force water 
through these obstructions. 

If any jointing material is used on the screwed surfaces, it should be 
placed in the coupling for internal pressures, and on the pipes for external. 
White lead mixed with oil to a thin paint answers very well for permanent 
work, plain linseed oil for air pipes or temporary work. Red lead paste, 
such as is used for flanged joints, is not suitable for pipe work. If placed 
on the pipe threads it comes off as the pipe is screwed in, and if applied to 
the interior of the coupling it is compressed into a projecting collar which 
diminishes the area of the pipe, increases the friction, and is liable to 
break off with vibration and be carried into the motors. 

When placing pipe lines in vertical shafts, the easiest method is to 



244 GOLD MINING MACHINERY. 

fasten the rope to the lowest pipe and add the others at surface as the 
rope is lowered. In this way several hundred feet can be placed in 
position in an hour or two. The completed line will require staying 
every 40 or 50 ft. ; in long lengths the weights also must be taken up at 
intervals. This is not an easy matter when the pipe contains steam and 
is subject to expansion; the simplest plan is to provide long springy 
bearers, reaching right across the compartment, and to tighten the clamps 
on the pipes while heated by the steam. Should the expansion be greater 
than the spring of the bearers can provide for, the pipes must be sup- 
ported by springs. Expansion joints are not required, as the pipe is 
seldom rigidly connected at both ends. 

In screwing together hydraulic pipes, not only must the threads be 
perfectly clean, but the screwing continued until the coupling feels dis- 
tinctly warm to the hand. 

Flanged joints are generally preferred for pipes exceeding 4 in. in 
diameter ; the flanges may be fixed or loose, the latter, with a recess to 
hold the joint ring, being suitable for all purposes but long vertical lines. 
In laying pipes horizontally, it is necessary to retain the joint ring in 
position until held by the flanges. This is done by a few pellets of red 
lead, or a turn of string passed through the bolt holes. The opposing 
flanges should meet evenly, bolts will pull them together even if the line of 
pipe is considerably deflected, but a sound joint seldom results. 

When deviation from the general direction is required, it is safest to 
make the joints first, and ease the pipe around afterwards, in the same way 
that straight rails can be brought around a curve of sufficient radius. 

Steam Pipes. — Although the velocity with which steam at ordinary 
working pressures issues is about 800 ft. a second, when required for 
power purposes the speed should not exceed a tenth of this rate, or from 
80 to 100 ft. a second. The condensation of steam in naked pipes is 
known to be considerable, yet how often the work of pipe laying is re- 
garded as complete when once the connection is made, the covering with 
non-conducting composition being deferred for that opportunity that never 
arrives, in the hope that the loss is not so serious as it is stated to be. 
There is some justification for this hope when no figures as to the actual 
loss incurred are available ; but carefully made tests show that under 
ordinary working conditions 10 ft. of naked steam pipe may mean an in- 
creased consumption of over 5 tons of coal a year. The loss incurred 
in hundreds of feet of such pipe is obvious, to say nothing of the extra 
wear on the internal parts of motors, due to condensed water and wet 
steam. 

In 1,100 ft. of 7 J-in. steam pipe connecting with an underground winding 
engine, the condensation was found to be 748 lbs. per hour, or equal to 
over a ton of coal a day, despite the fact that owing to difference in altitude 
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the pressure was i lb. higher at the engines than at surface — showing plainly 
that increase of pressure, when accompanied by decrease of temperature 
and volume, is no gain in the energy available. 

In vertical shafts one of the best means of protecting the pipe against 
radiation is to enclose it within another, the latter being two or three 
inches greater in diameter. If the inner pipe is kept central at intervals 
and the annular space between the two pipes plugged at the top and 
bottom of the line, the dead air enclosed forms an excellent protection, 
while the outer pipe keeps the inner dry. Pipes laid horizontally are 
surrounded with any non-conducting material — felt, wool, hair, charcoal, 
and sawdust are all suitable ; one of the simplest methods being to embed 
the pipe in a box launder filled with sawdust. For high pressures and 
superheated steam a substance that will not char is required; asbestos 
preparations and mineral wool answer the purpose. Should none of these 
things be at hand old ropes, straw, grass, clay, and even mud, are better 
than nothing. Under roof these rough coverings may be bound around 
with canvas, and further protected by coats of tar should the pipe extend 
beyond the roof. 

The following table gives the weight of steam that may be passed at 
various pressures through pipes two hundred and forty times as long as 
their bore, with a loss not exceeding i lb. of effective pressure. 
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Water Pipes. — The friction of a fluid passing through a pipe varies 
with the length of the pipe, and as the square of the diameter ; the velocity 
of the flow is due to pressure, and in case of the delivery of water under a 
constant head is found by multiplying by eight the square root of the head 
in feet. An increased delivery may be obtained either by increasing the 
pressure under which the water flows, or by retaining the same pressure 
and enlarging the bore of the pipe. Under equal heads the delivery of 
two pipes varies as the squares of their diameters, and doubling the 
diameter will increase the capacity four times. Practically the increase is 
greater, as friction is highest in contracted passages where the velocity is 
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necessarily augmented, and especially when these passages divert the 
direction of the flow, as is the case with tees, sharp elbows, and valves. 
Whether the pipe be the delivery main of a pump, or used for power pur- 
poses, the velocity of the water should not be higher than 360 ft. a minute, 
and when possible it should be limited to 240 ft., or 4 ft. a second. A 
pipe line of any diameter and length will pass a constant quantity of fluid 
under a given head ; and a line of smaller diameter will require a greater 
head to produce the same result. The diflerence is an expenditure of 
power in overcoming friction, and may either cause increased load on the 
pump, or decreased power from the motor. 

The following table gives the number of cubic feet of water per minute 
that may be passed through 100 ft. of pipe at varying speeds, and the loss 
in pressure incurred or increased pressure required. 



Bore 

of 

Pipe. 



Inche5i. 

4( 



8 



10 



12 



( 
( 

( 



-I 
■'( 

i8| 



Cub. ft. per min. 
I^ss of head, feet 

Cub. ft. per min. 
Loss of head, feet 

Cub. ft. per min. 
Loss of head, feet 

Cub. ft. per min. 
Loss of head, feet 

Cub. ft. per min. 
Loss of head, feet 

Cub. ft. per min. 
Loss of head, feet 

Cub. ft. per min. 
Loss of head, feet 

Cub. ft. per min. 
I^ss of head, feet 



10.5 
0.47 

235 
0.29 

41.9 
0.29 

654 
0.16 

94.0 
0.13 

128.0 
0.12 

167.0 
0.1 

212.0 
0.08 



Velocity of Water in Feet per Second. 



24 


3 


13-0 

0.73 


15.7 

I.O 


29.4 
0.45 


35-3 
0.65 


52.1 

0.32 


62.3 
0.47 


81.8 

0.25 


98.2 
0.37 


1 18.0 


141. 


0.21 


0.3 


160.0 
0.17 


192.0 
0.25 


209.0 
0.15 


251.0 
0.22 


265.0 
0.13 


318.0 
0.19 



3i 



4i 



Si 



18.3 


20.9 


• • • 


• « • 


• • 


1.4 


1.8 


• • • 


• • • 


• ■ • 


41.2 

0.88 


47.1 
1. 16 


53- 
1.47 


58.9 
1.8 


70.7 
2.6 


730 

0.64 


83.7 
0.84 


93-3 
1.0 


105.0 
132 


125.0 

..9 


1 1 5.0 


131-0 
0.65 


147.0 
0.83 


163.0 
1.0 


196.0 
1.47 


164.0 
0.41 


188.0 
0.54 


211. 
a68 


235.0 
0.82 


, 283.0 
1.2 

1 


224.0 
0.34 


256.0 
0.44 


288.0 
0.56 


321.0 
0.7 


385.0 
1.0 



2930 3350 377.0 419.0 502.0 

0.3 0.39 0.49 0.61 0.88 

371.0 1 424.0 1 477.0 530.0 636.0 

0.26 , 0.34 1 0.44 1 0.54 0.78 



Pump mains are often suspended, or lifted in long lengths, and the 
flanges must be of extra strength to stand this tensile strain ; cast iron is 
still largely used in their construction, though wrought iron or steel make 
a lighter pipe, and save in cost of transport. This reduction in weight 
must not be carried to excess, as a flimsy pip)e is unable to stand the 
vibration caused by the pulsating flow of water. 
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Air Pipes. — Pipes for conveying air under pressure require special 
care in laying, and the use of high-class fittings, to avoid leakage. The 
threads of screwed pipes should be thoroughly cleaned and wiped over 
with linseed oil ; rubber rings for flanged joints may be soaked in hot water 
to soften them before screwing up the joint. The completed main, if 
pumped up and shut off, should hold its pressure until next day ; should it 
not do so, the ledks must be found, as they never stop themselves by 
rusting up, as steam leaks often do. Locating numerous small leaks is as 
wearisome a task as can be undertaken, each leak may be inaudible, and 
invisible to the unaided eye ; every joint must be tested by painting it 
around with soapsuds, and leaky ones tightened or caulked. When this 
test fails the line may be tested in the same way as a bicycle tube is tried, 
by immersing each joint in water ; this can be done by tying canvas 
around the joint, filling with water, and looking for bubbles. 

The worst leaks are usually in the connections of the hoses, and in the 
small temporary pipe laid as the work proceeds and headings advance. 
In laying out the main means must be provided at the lower end, and also 
in any depressions occurring in horizontal lengths, for draining the water 
that accumulates; while pipes conveying reheated air need as careful 
protection against radiation as those carrying steam. 

Power Supply. — Pipe lines conveying water for power purposes are 
seldom of the same diameter throughout. The pressure varies from 
nothing to maximum, and a smaller area is sufficient under the greater 
pressure ; this difference in diameter permits nesting for shipment. The 
pipes are made of steel sheets, rolled to shape and riveted, each plate 
making one complete section; the sections are united to form pipes of 
such lengths as can conveniently be handled, the thickness of the sheets 
being increased towards the lower end of the pipe line, where the pressure 
is highest. 

English-made pipes are generally thicker and heavier than those made 
in America for equal pressure ; in the latter country sheet steel yV ^o- 
thick is used in ii-in. pipes for pressure of 225 lbs., while a 30-in. pipe 
with a working pressure of 300 lbs. per square inch is made /^ in. thick. 

Double riveting secures the longitudinal seams when the pressure is 
higher than 100 lbs. ; rivets of J in. diameter and less may be headed cold, 
but hot riveting is preferable and less likely to crystallise the head of the 
rivet. Caulking is of little use when the sheets are ^ in. or less 
in thickness, and as the riveted joint is never quite tight, all pipe 
lines leak at first ; but the leakage ceases when the flow of water has 
carried through the line a few loads of sawdust, shredded moss, or 
horse dung. 

As a protection against corrosion, and also to prevent leakage, each 
length of pipe is dipped in a bath of melted asphaltum. The bath may be 
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thinned by the addition of nnineral oil, but a thick mixture is most effective 
in stopping leakage. The secret of obtaining a smooth coating is to allow 
each pipe to remain in the bath until heated to the same temperature as 
the mixture. The pipes need not necessarily be totally immersed, but may 
be turned at intervals in the bath until equally heated all over. 

When the line is laid on easy curves permitting expansion and con- 
traction, the completed pipes, when 18 in. or more in diameter, may be 
riveted together into one continuous length, but it is more usual to have 
some form of joint every 20 or 25 ft. 

Spigot and faucet joints, if well made and caulked with lead, may be 
relied on for pressures of 250 lbs. The interior of the joint is first tightly 
packed with rope yarn, leaving an inch near the mouth to receive the lead. 
After running up the lead must be well caulked. In making this form of 
joint on pipes of 18 in. or more in bore, the clay luting may be unable to 
stand the pressure of the lead. In this case the joint may be run in sections, 
commencing at the lowest part, or a clamp may be fastened around the 
pipe to support the clay. 

A simple form of joint consists in turning each end of the pipe outwards, 
so that it is slightly bell-mouthed, a loose collar is then slipped over the 
joint and caulked with lead ; or caulking may be dispensed with, and two 
glands arranged to compress elastic packing in the space between the collar 
and the pipes. 

The pipes may also be joined by driving the end of one within the 
other, tamping in a ring of rope yarn, and hammering down the rim of the 
outer pipe. Flanges of ordinary angle iron riveted to the ends of the 
pipes, and screwed up with rubber rings intervening, will stand pressure 
of over 200 lbs., provided the bolts are pitched closely. For conveying 
water when the pressure is inconsiderable, spigot and faucet joints may be 
caulked with rope yarn only, or filled up with Portland cement. 

All caulked joints are liable to draw with the expansion and contraction 
of the pipes. This trouble may not arise if the line is constantly full of 
water, but if liable to be empty at times the line should be covered over, 
or buried in a ditch. When laid on the surface of the ground, the outside 
of all horizontal curves must be well banked up or anchored back, as, like 
the bent tube of the pressure gauge, the line endeavours to straighten itself 
when under pressure. 

At the highest point of vertical bends escape valves are required to 
allow trapped air to pass out, and a sluice valve is placed at any consider- 
able depression for clearing out stones or gravel that may be carried into 
the pipe. 

A safety valve is often placed near the nozzle to protect the line from 
the shocks caused by sudden stoppage of the flow. The inertia of the 
moving water is considerable, and if the nozzle is choked, or the valve 
suddenly closed, very high pressures result. When the head of water is 
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not very great, the safety valve may be replaced by a stand pipe. Pipe 
lines made of thin sheets may be sufficiently strong for the bursting strain, 
but be unable to stand the external pressure caused if the gate at the intake 
be closed while the nozzle is still flowing. The line may be protected in 
this respect by spring-controlled safety valves opening inwards, at least one 
of them being near the intake. This precaution is hardly necessary in 
pipes of English manufacture, on account of the greater margin of strength. 

Flang^ed Joints. — The thickness of the material used in making a 
joint depends on the accuracy of the facing, the thickness of the flanges, 
and the spacing of the bolts. The thinner the material the less the burst- 
ing strain on it and the better the joint. But thin substances can only be 
used when the flanges are accurately faced and the bolts pitched suf!iciently 
close to prevent any spring between them. The most perfect form of joint 
is the meeting of two scraped or ground surfaces, which come into actual 
metallic contact without any intervening material. Such joints may be 
found in the cones of union pieces, the valve chests of some rock drills, in 
locomotive and other high-class work, but their cost prevents their 
general use. 

For well-faced flanges, such as the covers of cylinders and valve chests, 
a ring of brown or cartridge paper soaked in boiled linseed oil makes a 
reliable joint, and one easily cleaned off when the cover is removed. 
Corrugated metal rings answer the purpose admirably for steam connections 
and boiler mountings. Lead and copper wire are also suitable, or rings 
may be cut from asbestos sheet, but they should be damped before being 
screwed up. A copper ring lapped with asbestos will stand the highest 
superheated steam temperatures. 

Flat rings of rubber and insertion material are suitable for water and 
air connections, but become hard and brittle if exposed to high temperatures. 
If each face of the ring is rubbed with chalk or charcoal the same ring may 
be used several times, a convenience in joints that have to be frequently 
renewed. In dealing with high pressures the flat ring receives insufficient 
support from the flanges, and may be blown out unless held in a recess. 
It may then be used for pressures up to 800 and 1,000 lbs. with safety. 

If leather rings are used care must be taken that they are well soaked 
before the joint is made, and that they are of uniform thickness throughout. 

An increased thickness of material is required when the flanges are 
unfaced, or when their surfaces are corroded or uneven, and the thicker 
material must have greater strength to stand the bursting strain upon it. 
This is exemplified in the lapped ring in pit-work, originally used when the 
flanges of the pipes were unfaced. The joint material is a strip of blanket- 
ing or coarse flannel bound like a puttee around a central ring of flat iron, 
the ring affording the necessary support and preventing the joint from being 
blown out. Owing to the cheapness of machine work, pump joints are 
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always faced at the present time, and a rubber ring is sufficient ; but the 
lapped joint is still largely used for doors, as the joint can be made many 
times with the same ring. 

Formerly not even steam joints were always faced, and old Cornish 
pumping engines are still working in which the joint between the cylinder 
and valve boxes is i| in. thick, and formed of many layers of sheet lead 
caulked after being screwed up. 

In all flanged joints the opposing faces should meet squarely, and the 
bolts diagonally opposite each other be tightened gradually, screwing with 
even strain on each bolt until the whole joint is tight. The use of 
excessively long spanners should be avoided, as leading to unnecessary and 
even dangerous strain on the bolts, nor should shifting spanners be used, 
as the tool suffers as well as the corners of the nuts. 

All that is required to avoid leakage is a pressure-tight ring between 
the two flanges. This is secured when the jointing material is confined to 
the annular space between the bolt holes and the bore. Nothing is gained 
by extending the material to the edges of the flanges, any more than a valve 
would be made more steam-tight by widening its beat. On the contrary, 
there is the additional risk of leakage through the bolt holes, and the pressure 
of the bolts themselves is less effective, being distributed over a larger area. 

The red lead joint, in spite of its messiness, becomes useful when other 
materials are not at hand, and also for situations exposed to both fire and 
water. The red and white lead, in equal proportions, are first ground 
together to a smooth paste, sufficient boiled oil being added to make a 
stiff putty. The flanges are wiped over with an oily rag, and afterwards 
with clean waste until almost dry, this being the only state in which the 
lead will adhere properly to the iron. The lead may be spread evenly 
over the flanges to the thickness of one thirty-second of an inch, or may 
be rolled into ropes and laid in one or more rings concentric with the bore. 
In either cases the screwing up must be even and gradual, as the soft 
material is easily squeezed out should the pressure be greater at one point 
than another. 

All superfluous lead squeezed into the bore should be scraped out, 
as it decreases the area of the passage, interferes with the flow, and, if 
allowed to harden, may be detached and carried into the valve boxes 
of motors. All red lead joints require some time for setting or hardening, 
and pressure should not be applied until some hours after the joint is 
made. When once set it can only be broken by driving fine wedges 
between the flanges, and is not easily removed from the faces of the joint. 
It is therefore suitable for boiler mountings and other permanent work, 
and should not be used for joints that are frequently made, as man and 
mud hole doors. For the latter purpose a rubber ring answers very well, 
but will require further tightening after the boiler is hot, as warm water 
softens the rubber. 
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The rust joint is only used for absolutely permanent work, and is most 
satisfactory when caulked into a groove. It may be employed for spigot 
and faucet joints, for joining the plates of iron tanks, filling between bed- 
plates and cap stones, and other purposes. The cast-iron borings should 
be moistened with water containing about an ounce of sal-ammoniac to the 
quart. This mixture sets quickly and should be made as it is required. 
Powdered sulphur added to the mixture makes it set more slowly. If the 
joint is a large one it is divided into sections by folding wedges, each 
section being caulked in equal layers about half an inch thick. All joints 
made in this way must be kept free from oil, and when the borings have 
once set they can only be removed by chipping. 
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CHAPTER XVI. 

CONSTRUCTION. 

Foundations of Buildings — Mortar — Cement — Rubble Masonry — Brick Making and 
Laying — Concrete — Asphalt — Roofing — Roof Frames — Painting. 

Foundations. — A good foundation is essential to the stability of every 
structure. It supports the weight, prevents unequal subsidence, damage 
by frost, and the undermining effect of water ; the excavation is therefore 
carried down below the vegetable mould on the surface. On sloping 
ground the bottom of the trench does not follow the contour but is 
finished in a series of levels with intermediate steps between. In soft 
ground the footings may be extended to twice the width of the wall, and 
additional depth allowed, so that side friction relieves the bottom of a 
portion of the weight. 

Mortar is a mixture of slaked lime and sand, usually one part by 
measure of lime to three and a half of sand. As a coarse mortar for 
bedding large stones, one part of lime may be added to four parts of 
gravelly sand. There are two kinds of lime, the hydraulic or blue lias, 
which sets anywhere, and the ordinary fat lime which does not set under 
water or even in damp positions. The sand should be clean and sharp 
grained; tailings are generally used, and answer very well. Sea sand 
makes a damp wall even when thoroughly washed in fresh water before 
use. The lime and sand must be thoroughly incorporated by turning the 
mass several times with shovels, better still if mixed in a mortar mill. It 
should be used when fresh, as by exposure to air the hydrate becomes a 
carbonate, or the mortar " sets." 

Cement. — Good cement does not deteriorate with age if kept dry ; 
as with mortar, the sand mixed with it must be clean and sharp grained, 
no more water should be added than is necessary to bring the mixture 
to the required consistency. 

Cement is strongest when used alone, its strength being diminished in 
inverse proportion to the sand added. Thus two parts of sand reduce the 
strength to one-half, and four parts to one-quarter. 
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Cements vary in quality, but in every case the slower the setting the 
stronger will be the result. The best setting is under still water, and 
cemented floors are often flooded with water to the depth of half an inch 
until set. Both stones and bricks should be well soaked in water before 
being laid in cement. 

Casks of ordinary Portland cement hold 5 cub. ft. and weigh 3f cwt., 
or six casks to the ton. 

Rubble Masonry. — In work of this class the weak angles of each 
stone are knocked ofl*, it is cleaned, wetted, and laid on its broadest side 
on a bed of mortar. The corner stones are roughly dressed and kept a 
course higher than the rest of the work for convenience in fixing the lines. 
Stretchers are those stones laid with their greatest length in the direction 
of the wall, and serve as longitudinal ties. Headers are placed trans- 
versely to bind the face to the body of the wall, or tie the two faces 
together. After the corner stones have been plumbed, the front and back 
faces of the wall are laid to lines stretched from corner to corner, and 
the centre of the course filled in and levelled up with chippings and 
fragments of stone bedded in mortar. With the kind of labour usually 
available, nothing is gained by reducing the width of the wall to less 
than 15 in. On 12-in. walls too much time is spent in cutting and 
trimming stone. In ashlar work the stones used in one course are all 
of the same height, and the upright joints strictly perpendicular. This 
is not necessary in rubble work, though care must be taken that the 
vertical joints in any course do not coincide with those in the course 
below. 

Brickmaking^. — As a rule the dump supplies all the building stone 
required, and plenty of this material is at hand. Still, there may be 
conditions rendering the use of bricks advisable. The clay for the 
purpose should be near at hand, and some care in its selection is necessary 
to ensure a good result. With too sandy a clay the bricks will be weak, 
while too rich a clay leads to shrinkage and distortion in burning. When 
a suitable sandy clay is found it should first be tempered by exposure to 
the weather and then mixed, either by treading or pugging in a mill. The 
ultimate strength of the brick depends largely on the thoroughness of the 
pugging and on the quantity of water added during the process being no 
more than will make a plastic mixture. 

The moulds for hand-made bricks may hold two at a time, each being 
larger than the required size to allow for shrinkage in burning, the length 
of the brick being equal to twice its width plus the thickness of the mortar 
joint to be used (generally one-quarter of an inch). 

Wear is prevented and a more uniform size of brick produced if the 
mould is fitted with a sheet-iron lining. When turned out of the mould 
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the newly-made bricks should not be exposed to the sun, but be allowed 
to dry slowly for a fortnight before being burned. 

The simplest form of kiln is a dome-shaped erection with walls two 
bricks thick. The interior is filled with bricks loosely arranged so that 
the draught from the fire below can play around them. About two days' 
firing will be required for a stack of moderate dimensions holding, say, a 
hundred thousand bricks. The kiln should not be opened until it is cool, 
which will be at least a week after the firing has ceased. The bricks of 
which the outer walls are built may be turned around and again fired on 
a subsequent occasion. They will then serve for ordinary building pur- 
poses, though not equal to those in the interior of the kiln. 

In Bricklaying it is most important that the bricks should be well 
soaked beforehand, otherwise, and especially in hot climates, they absorb 
the moisture from the mortar, causing it to dry too rapidly. In addition 
to keeping the various courses even, all the walls of a building should be 
kept about the same height during construction to ensure even settlement. 
Care must be taken to s|>ace the joints by the use of headers and stretchers 
so that a sound bond is obtained. This point requires particular attention 
at corners and where two walls join. A wall 9 in. or one brick thick is 
sufficient for a structure one story high; in two-story buildings the lower 
is one and a half brick thick. This may be increased to two bricks in 
stores and warehouses where considerable weight may accumulate on the 
tipper floor. 

Concrete is a mixture composed of cement or hydraulic lime with 
stones, gravel, and sand. The following proportions by measure are 
generally used : — 



Lime. 



Cement. 



Sand. 



Gravel. 



Broken Stone. 



2 
2 
I 



4i 



5 
6 

2i 



The gravel and broken stone must be clean, the component parts 
well mixed in a dry state, wetted with a spray, and turned over at least 
three times. Each stone should then be covered with the mortar. It is 
advisable to let the concrete fall into its position from a height of a few 
feet, as ramming tends to work the cement to the surface, leaving a poor 
mixture below. Artificial stone blocks of any required size and shape can 
be produced by filling moulds with concrete, the inside of the mould being 
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well covered with grease or soap (a precaution ensuring a clean face to the 
finished block). 

It is an excellent material for engine foundations, and the quantity 
required for any size block may be reduced by building " plums " into the 
heart of the mass. These large stones should be roughly dressed until 
their surfaces are clean, and be well bedded in the concrete, care being 
taken that no hollow spaces are left under or around them. The strain on 
the sides of the mould is severe when building a block large enough for an 
engine foundation. If building in a pit, the mould is strutted at close 
intervals from the banks ; when the structure is above the surface of the 
ground, sloping shores are not always to be relied on, and any spring in 
the planking results in bulges in the finished block. One way of getting 
over the difficulty is by introducing through bolts to hold opposite sides of 
the mould together. These bolts can be greased, and withdrawn when the 
concrete has hardened and before it has thoroughly set. Concrete is the 
easiest of all masonry work, and therefore the most suitable when skilled 
labour is scarce, in fact the only skill demanded is in the making and 
staying of the moulds. 

Asphalt. — An excellent flooring, proof against damp and insects, is 
made by melting in an iron pot loo parts of asphalt and one of tar; sand 
or stone-breaker screenings may be added if desired in the proportion of 
one to four. The surface to be asphalted must be thoroughly dry, and 
may be covered with stone chippings or screenings. It is divided into 
sections by thin straight-edges, set level and well greased. The tops of 
these straight-edges must stand at the level of the finished floor, and 
will therefore project from ^ to i in. above the surface to be covered. 
They should divide the floor area into sections that can conveniently be 
filled at one melting. The mixture must be smoking hot when poured, 
and worked level, as it cools, by a greased staff passed over the tops of the 
laid strips. After the strips have been withdrawn the grooves can be run 
up with melted asphalt. A floor i in. thick requires 12 J lbs. of asphalt 
per square foot. 

Roofing. — Galvanised iron is practically the only material used for 
covering roofs. It is generally corrugated, as corrugations add to the 
stiffness of the sheet. The following table includes allowance for lap, but 
iron of the same gauge by different makers varies slightly in width and 
covering capacity : — 



Birmingham wire gauge 

Weight in lbs. per sq. yd., approximate 

Square feet covered per ton . 



16 


18 


20 


22 


24 


26 


32 


24 


19 


16 


13 


II 


650 


850 


1,150 


1,300 


1,550 


1,850 1 
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Curved roofs for spans up to 25 ft. can [be made by riveting the sheets 
together and stiffening the arch with tie bars at 10 ft. intervals ; but unless 
securely fastened to the building, such roofs have not sufficient weight to 
withstand high wind pressures. 




up to 30 feet 



■- ♦ 




Fig. 87. — Roof Frames. 

In tropical climates and countries subject to extreme variations of 
temperature the galvanised coating does not sufficiently protect the iron or 
steel plate within ; the whole roof requires painting at intervals, but this 
precaution comes too late if corrosion has already started. A rise of one- 
fourth of the span is generally allowed, and more is seldom needed if a 
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6-in. lap is given in fastening the sheets; but in positions exposed to 
horizontal rain drift a rise of one-fifth is preferable. 

In building roofs up to 15 ft. wide it is sufficient to incline the principal 
rafters, joint them to the ridge piece, and stiffen them by a tie-piece placed 
one-third of the rise above the wall plates. The purlins are spaced 3 or 
3^ ft. apart, so that each sheet of roofing material is supported in the 
middle as well as the ends ; the nails securing the iron to the purlins are, 
of course, passed through the convex part of the corrugations. 

Roofs of more than 1 5 ft. in width are supported on frames, each frame 
being built separately ; the two principals support the roofing sheets, and 
are connected at their lower ends by the tie-piece. This tie-piece protects 
the walls from the outward pressure of the principals, and is therefore in 
tension ; as also is the king post, which supports the weight of, and pre- 
vents sag in, the tie-piece. This form of frame, known as the " king post 
truss," is used for spans up to 30 ft. ; above this width two queen posts 
take the place of the king post, or the span may be divided into bays and 
wrought-iron bars used for the tensional members. This substitution saves 
much weight in wide spans ; a roof 40 ft. wide, for instance, would 
require a tie-beam at least 14 in. by 9 in., which could safely be replaced 
by a if -in. iron tie-bar. 

The following sizes are largely in excess of those required to merely 
support the iron sheeting, but will not be found too heavy for high wind 
pressures. The dimensions of the purlins depend on the spacing of the 
main frames, which varies from 6 to 10 ft., 8 ft. being an average. 



Wood Roofs. 



Span in Feet. 


Tie- Beam. 


Principals. 


King Post. 
Inches. 


Struts. 


Purlins. 




Inches. 


Inches. 


Inches. 


Inches. 


12 


• • • 


3x44 


• • • 


• • • 


2^X2^ 


16 


• • • 


3x5 


■ * • 


• • • 


2ix3 


20 


7x4 


3xsi 


4x5 


3x4 


3 X3 


25 


9x4 


4x5i 


4x5 


3x5 


3 X3i 


30 


10x5 


4x6 


4x6 


3x6 


3 X4 

1 



Iron. Roofs. 



span Feet. 


Tie-Rod. 
Inches. 


KinK Bolt. 


Queen Bolts. 


Struts, T-Iron. 


Rafters, T-Iron. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


35 


li 


i 


(2) J 


(4) 2i X i 


3 x,*ff 


40 


li 


I 


(4) i. t 


(4) 2i X A 


3i X , V 


45 


li 


li 


(4) h 1 


(4) 2i X A 


4 xj 


50 


li 


»i 


(4) I. i 


(6)3 X i 


4 xi 


60 

1 


ij 


If 


(6) li. I 


(6) 34 X A 


4i X A 



R 
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Iron is largely used in building engine, boiler, and battery houses, and 
will be found economical where timber is scarce and masons and carpenters 
highly paid ; the erection is an easy matter, requiring careful supervision 
rather than skilled labour. Such buildings are subject to little deterioration 
if painted at intervals ; they are neither inflammable, nor liable to be 
damaged by insects. The members are various sections of H, T, channel, 
and angle iron, the uprights resting on sole plates bedded on concrete, and 
the galvanised sheeting bolted to the horizontal bracing. The ordinary 
design of vertical and horizontal members is not sufficiently stable against 
wind pressures; a building only 150 ft. by 20 ft. might easily experience a 
pressure of 40 tons, with wind at only 30 lbs. per square foot ; the required 
strength can be obtained by bracing the end bays of each side. In erecting, 
the post holes are filled with concrete to the level of the sole plates ; the two 
end bays at each corner of the building are then put up with their bracing, and 
will be self-supporting. All intermediate vertical members can be lined off 
from the end bays ; only their bases need be lined, any slight deviation at 
the top being rectified by the wall plates and roof frames; the latter are gene- 
rally put together on the ground and hoisted into position with a guy pole. 

Painting^. — Comparatively few mines make use of paint to the extent 
necessary for the protection of exposed wood and iron work ; it is regarded 
rather as an ornament than a protection. In many cases green unseasoned 
timber is used in construction work, and it is then undoubtedly right to 
delay painting for some time, as both paint and tar hasten the decay of 
unseasoned timber. 

Paint consists usually of white, or carbonate of, lead, ground with linseed 
oil and mixed with various colouring substances ; the proportions are — six 
pints of raw and one pint of boiled oil to twelve pounds of lead and 
colouring matter. A pint of turpentine or quarter of a pound of driers 
is added, the driers being litharge or acetate of lead. White oxide of zinc 
should not be used as a substitute for lead, it dries very slowly, has not 
the same covering power, and does not afford the same protection. Black 
paint is a mixture of lampblack and oil ; a small quantity of white lead, 
about 5 per cent., may be added to give body to the mixture. White paint 
with 2 per cent, of lampblack becomes lead colour ; red lead or ochre is 
added for red paint ; verdigris for green, indigo for blue, an addition of 
indigo and lampblack giving a useful silver grey. 

The following tints may be prepared by mixing colours in different 
proportions : — 

Brown - - Red and black. Chestnut - White and brown. 

Pearl - - - Lead colour and blue. Chocolate - Black and red. 

Orange - - Red and yellow. Straw yellow White and yellow. 

Olive - - - Blue, black, and red. Buff - - - Yellow, white, and 

little fed. 
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Before painting resinous woods the knots must first be stopped to 
prevent them from oozing ; this is done with a mixture of red lead and 
size (thin glue), applied hot, and afterwards rubbed down. After the nail- 
holes have been stopped with putty, the whole surface can be cleaned down 
and a priming coat laid on ; two or three more coats will be required, time 
being allowed for each to dry. When a highly finished surface is desired, 
each coat is rubbed down with fine glass paper, or pumice-stone and water, 
and one or more coats of varnish laid over the last coating of paint. In 
ordinary work i lb. of paint covers 4 superficial yards in the first coat and 
6 yds. in the second ; a gallon covers 50 sq. yds. of woodwork and 70 sq. 
yds. of ironwork. 

In renovating old work the surface must be cleaned with hot water, 
soap, and sand ; if greasy, a coating of whitewash should be given, and 
rubbed off when it has absorbed the grease ; if blistered, the old paint 
must be entirely removed by scraping or scorching, and the surface after- 
wards cleaned down with sandpaper or pumice stone. 

Whitewash. — A useful wash is made by adding slaked lime to the 
water in which rice has been boiled, or the sizing effect of the rice-water 
may be obtained by adding gum or weak glue to the wash. Various tints 
can be given to the wash by adding ochre, charred cocoa-nut shells, and 
other substances. 
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CHAPTER XVII. 

TACKLE AND TOOLS, 

Chains — Ropes — Pulley Blocks — Winches — Sheer Legs — Anchorages — Lifting Head- 
gears and Pumping Bob — Capstans — Workshops — Wood- working Tools — Circular 
Saws — Fitting Shop Tools — Smithy — Fans and Blowers. 

The cost of erecting machinery and of carrying out construction work 
depends largely on the gear in use, on the blocks, falls, jacks, and winches 
being at hand and in good order. As a rule such tools receive rough 
treatment and little attention, being generally left where last used until 
required on the next occasion ; even in use they are strained unnecessarily 
by being worked under disadvantageous conditions. Through continued 
ill-use and inattention they become less efficient, unreliable, and a possible 
source of danger to those using them. The first step in the right direction 
will be the provision of a tool house or room, in which all portable tools 
are kept, and to which they are returned when the job they were taken out 
for is completed. 

Chains. — The chains in general use have links made from J-in. to 
J-in. iron, |-in. being an average size ; they vary in quality, what is known 
as short link crane chain being of higher grade than the ordinary, thus the 
length of the link is an indication of the quality of the chain. The quantity 
required depends on the work in hand ; at least two lengths of 200 ft. each 
are necessary for reeving blocks, two lengths of 100 ft. each for guys, and 
numerous other shorter pieces for slings. The smaller sizes of flexible 
wire rope make good guys, but are not as easily fastened as chain ; one of 
the simplest fastenings for such ropes is to clamp the end to the standing 
part, after taking two or more dead turns around the object to be fastened. 

Chains deteriorate not so much through use as want of attention, 
through being left lying on the ground until next required ; a few minutes 
are well spent in coiling the length on some old planks and arranging a 
rough covering. Once a year the whole length should be drawn through 
a smithy fire, each link being heated to a dull red and annealed by being 
allowed to cool slowly ; an opportunity for careful inspection is thus afforded 
and links that are strained, distorted, elongated, or show flaws, may be 
removed before damage is done. 
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The safe working load of a chain in tons is found by squaring the 
number of eighths of an inch in the side of the link and marking off the last 
figure on the right as a decimal. Thus j^^-in. chain, 3x3, equals 0.9 ton j 
I -in. chain, 8x8, equals 6.4 ; the breaking strain of such a chain would be 
about 40 tons, but a wide margin of safety is necessary to provide for surges 
in the load and possible defects in the links. 

Ropes. — The hemp and manilla ropes used as falls are |, i, and 
i\ in. in diameter; smaller sizes being employed for lashing gear, light 
stays, and other purposes. All new ropes should be uncoiled from the 
inside and well stretched before use ; one way of accomplishing this is by 
suspending them in the shaft with a weight at the lower ends. 

Ropes should be protected from the weather as much as possible and 
also from white ants, which can do irreparable damage in a few hours ; 
when no longer required they should be coiled " with the sun " and hung 
in the tool room. 

The breaking strain of hemp ropes in tons is the circumference squared 
and divided by five. 
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Pulley Blocks. — It is essential in blocks that the sheaves be large 
in diameter to reduce the bending strain on the fall, and be of ample width 
for the size of fall to be used, otherwise the fall may run stiffly and be 
chafed by the sides of the block. A little care is necessary to avoid twist- 
ing the fall in reeving it, and it will be found a good plan to lay both blocks 
on the ground about 6 ft. apart, the hooks or bows being outwards. The 
fall is then reeved through the top sheave of the block which is to be upper- 
most, say from right to left, and is then passed through the upper sheave of 
the other block in a contrary direction, from left to right ; then through 
the remaining sheaves of the two blocks, retaining the same directions. 

In lifting heavy weights the sheaves of the upper block may not be in 
line with the winch, and the fall leading to the winch will be chafed by the 
sides of the block. This may be prevented by passing the fall from the 
winch not through the upper block, but through a separate snatch block, 
which is free to follow the resultant of two strains in different directions. 

The strain on the fall is equal to the weight lifted divided by the number 
of turns of fall leading to or from the lower block ; in lifting 5 tons with 
double and treble blocks, if the end of the fall is fastened around the third 
sheave of the upper block, there will be four turns leading to the lower, and 
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the strain on each i J ton. But if the end of the fall is passed around the 
third sheave of the upper block and brought down and fastened to the weight, 
there will then be five turns of the fall, and the strain on each i ton. 
These are the theoretical strains ; in actual work they are largely increased 
by friction up to as much as 50 per cent., and even more when the falls 
are twisted or badly reeved. 

The many forms of differential chain blocks are self-sustaining and use- 
ful for vertical lifts, but when the power and weight act in different directions 
the chains often fail to mesh accurately with the sprocket wheels ; the same 
trouble may also arise through twist in the chains, wear of the sprockets, 
and stretching of the links. Twist is easily removed by lifting the chain 
from the wheel and turning it, but the other two causes cannot be remedied 
and waste time enough to pay for new gear. Lifting and lowering are per- 
formed at the same speed — both are slow ; and unless the blocks are made 
by a firm of repute, they cannot be depended on to carry the load stamped 
on them. 

Winches. — The hand winches are generally double purchase, the 
larger ones lifting a ton direct fiom the barrel ; wrought-iron frames are pre- 
ferred as they are less liable to injury, at the same time they offer a much 
less rigid support than cast-iron framing. The frame itself is bolted to two 
runners, each about 5 in. by 4 in. by 12 ft. long, the outstanding ends 
being loaded with any convenient weights to secure an anchorage. Before 
loading the winch the barrel must be set square with the direction in which 
the fall is to lead, and the runners must be level and well bedded ; should 
they be unevenly set or free to spring under strain, a large proportion of the 
power applied will be absorbed in friction of the bearings. When fully 
loaded down, each shaft of the winch should turn easily by hand. If the 
end of the fall is attached to the barrel, in long pulls the diameter of the 
barrel is enlarged by successive layers of rope or chain, necessitating in- 
creased power at the handles. This can be avoided by taking three or four 
turns of the fall around the barrel and keeping the end taut by a man or 
two behind the winch. When these coils have traversed the length of the 
barrel they must be returned to the former end by nipping the fall with a 
chain attached to the front of the frame. The knot employed for nipping 
chain falls consists of two dead turns around the fall on the side nearest 
the winch and a half hitch on the side farther from the winch. 

In winch work the pressure on the handle multiplied by the distance 
through which it moves is equal to the weight multiplied by the height it 
is lifted ; the average pressure applied by each man at the handles may be 
taken at 15 lbs. 

To ascertain what weight can be lifted with a given power, multiply 
the pressure on the handles by the diameter of the circle described by the 
handle in inches, and by the number of revolutions of the handle to one of 
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the barrel, divide the result by the diameter of the barrel in inches, the 
quotient is the weight in pounds. 

Thus if four men are at a winch which has handles 15 in. long, the 
barrel being 7 J in. in diameter and making one revolution to twelve of the 
handles, 60 lbs. x 30 in. x 12 revolutions divided by 7 J in. equals 2,880 
lbs., the weight that can be lifted, less allowance for friction. 

The ordinary triangle answers very well for lifting weights that can be 
brought to it, as in unloading transport waggons ; the three poles are 
connected by a cross pin at the top, the same pin serving to suspend the 
shackle to which the upper block is fastened. It is easily erected by 
pulling the foot of one leg towards the other two ; when hoisted, the spread 
of the legs gives it sufficient stability, and guys are not required. 

A pair of sheer legs afford a larger radius of action, as by slacking 
out the guys they can be swung considerably out of the vertical ; this is 
especially the case when blocks and falls are used for the guys, and when the 
pull of the main fall is at right angles to the guys. The upper ends of the 
two poles are lashed together with chain or rope passed first around one 
pole, then around the other, like the figure 8 ; the sharper the angle and 
closer together the feet of the poles, the more direct the strain will be and 
the greater the weight that may be lifted. Height is also a factor in deter- 
mining the strength, short legs of a given size being stronger than long ones ; 
thus a pair of legs 6 in. square and 24 ft. long may be safely loaded to 3 
tons, but the same legs, if only 1 2 ft. high, would carry double the weight. 
By moving each leg alternately the sheers may be made to command the 
whole length of a building or foundation. 

The falls are secured to anchorage posts, and in dealing with heavy 
weights and lifting lofty structures, such as headgears, the anchorage is ex- 
posed to considerable strain. The trench to receive the post should be at 
least 6 ft. long and be sunk at right angles to the strain, with regard to 
both horizontal and vertical angles ; the depth depends on the ground, 
probably about 5 ft. 

The post is placed in the pit with two battens at the heel of it and 
behind it, and after the lower part of the trench is filled and rammed solid, 
two more battens are placed near the surface, in front of the post, on the 
side nearest the strain ; these also are rammed solid. Such an anchorage 
can only fail if the post or battens break, or if the whole length of the 
trench gives way. 

As illustrating the use of lifting tackle, let it be required to raise the 
two side frames of a timber headgear standing 80 ft. high, and let the lift 
be made from a level plain. A rough measurement of the timber and its 
weight per cubic foot show the weight of each side to be 4 tons. Since 
the whole of this weight will not at any time be taken by the tackle, it will 
not be necessary to make any further allowance, but simply provide gear 
strong enough for 4 tons. 



264 GOLD MINING MACHINERY. 

If the winch to be used is capable of lifting a ton from the barrel there 
must be four turns of falls leading to the weight ; to allow for friction we 
use a double and treble block, which will allow five turns of fall to lead to 
the weight, or even six if a leading block be used. To permit a possible 
pull of I ton, the falls will be f-in. chain, or i J-in. diameter rope. The 
winch will be fixed in the centre of the sheer legs, and about no ft. 
distant from the cap piece, on the side nearest the foundations ; a good 
anchorage post will be required close in front of the winch. It is evidently 
useless to pull direct from the winch to the cap ; in order to get a lifting 
effect the pull must be from a point higher than the cap piece. A pair of 
poles are therefore put up about 30 ft. in front of the winch, their tops 
being lashed as in the case of sheer legs. The main chains (two of ^V ^'^* 
each) pass from the anchorage post to the top of these risers, and the 
double sheave block is fastened to them ; the anchorage chains must not 
be secured in any way to the risers, they lie in the fork between the poles, 
and are free to lift out of it when the main frame is hoisted sufficiently high. 
The treble block is now lashed to the cap of the main frame and the fall 
reeved, the last turn passing from the cap to the winch, either by the side 
of or over the riser posts. The feet of the frame to be hoisted must be 
prevented from sliding forward either by anchorage posts in front of them, 
or by being braced to an anchorage behind them. The cap end of the 
frame is then lifted 10 or 12 ft. by jacks or gin pole, and the fore-and-aft 
stays attached to it. The strain may now be taken by the winch ; as the 
cap end lifts, the anchorage chains will also lift out of the riser posts, and 
the pull be direct on the anchorage post and winch. When half-way up 
the winch is placed in single gear, and before the vertical position is 
attained the back stay is tightened up and payed out slowly as the hoisting 
proceeds. 

When the frame is upright and guys taut, the double block is cast off 
from the anchorage chains and made fast to the cap of the second frame ; 
in this way the first frame acts as a riser for the second. As soon as the 
weight of the second side is fairly taken, the guy on that side of the first 
half can be cast off, and will not be in the way of the second half. 

Before lifting either frame, posts are lashed projecting 6 or 8 ft. above 
their tops; to these posts the blocks for lifting the stringers connecting 
the two frames are fastened. 

Fig. 88 shows the tackle used in lifting a 35-ton pumping bob to its 
position 40 ft. above ground level ; with the exception of the " half-pieces " 
used under the lashing chains, all the timber was pitch pine, 12 in. square, 
and rested on the walls of the engine-house. The bob was first hauled by 
two winches up an inclined road to the engine-house floor, 12 ft. above 
the ground. Two pairs of three-sheave blocks, with leading blocks, reeved 
with §-in. chain, were then fastened to the pumping nose ; and one pair of 
four-sheave blocks, also with leaders, reeved with Yw-in. chain, to the 
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gudgeon. One winch at the foot of the inclined road was used to hold 
the bob back and keep its nose clear of the bob wall. 

This arrangement lifted the bob to the position shown in the figure ; 
the tackle was then shifted, as shown by the dotted lines, the three-sheave 
blocks being moved from the nose to the gudgeon, and the four-sheave 
block from the gudgeon to the inner end. When the bob had been well 
raised the fall in the four-sheave block was eased off, and the weight 
gradually transferred to the pair of blocks hanging over the bob wall. 

Capstans. — The ordinary winch is often of insufficient power for 
handling pitwork, since only a limited number of men can work at the 
handles. If arranged with blocks and falls the motion is slower than is 
desirable. For heavy work a steam capstan is used, a double cylinder 
engine being arranged to drive the drum by worm gear ; but the following 
plan answers very well where labour is abundant, it deals with pitwork up 
to 12 in. in diameter, and is useful for tightening ropeways and other- 
purposes. 

A sound baulk of timber about 1 1 ft. long is selected, and one end of 
it made round for a length of 3J ft., the size of the rounded part being 
such that it will fit easily inside one of the pipes used for the pump 
column. This is now fixed as an anchorage post in a trench S ft. long by 
7 ft. deep ; it is supported on the front and back sides by battens 4 in. 
thick, and the whole trench firmly rammed in layers 6 in. thick. An 
ordinary pump " matching," 4 ft. long, is slipped over the round part of 
the post which projects above the ground. To the top flange of this 
matching arc bolted the cross arms and the iron plates that help to fasten 
them. The lower part of the matching, where the capstan rope coils, may 
be lagged up to 2 ft. in diameter, with a round table 3 J ft. in diameter 
below the lagging to prevent the coils of rope from slipping off. The 
capstan bars will be about 10 ft. long, and the walk raised i ft. above the 
ground, leaving an opening for the rope to pass through. 

Workshops. —The extent of the workshops required, and their 
equipment, depend partly on the size of the mine, but chiefly on its 
position. In remote districts the installation must be capable of carrying 
out all necessary repairs, and even when assistance is within reach time is 
often saved by doing the work on the spot. Some mines are so situated 
that fuel, constructional material, and general supplies are delivered on 
the property to order, while on others, not so fortunately located, the first 
step towards building a house is the selection of the growing timber 
in the 4"orcst. Naturally a more complete equipment of machine tools 
is required in the latter case, when the staff has to provide all that 
merchants usually supply. 

Every mine will require a fitting shop, smithy, and carpenters' shop, 
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each of an average size of 50 by 25 ft. ; the saw mill and moulding shed 
are separate structures, and not always needed. 

Machine tools of the same kind vary greatly in price, but as the cost of 
the raw material is about the same in each case, the extra price pays for 
superior accuracy and finish ; such a tool lasts longer, docs more work, 
and does it better. It is in the end economical to buy good tools, and 
get them from makers who make a speciality of their manufacture. 
Should there not be sufficient work to employ a man at each machine, 
there should at all events be some one in charge of the shop, and respon- 
sible for the tools in it, to see they are kept clean, in good order, and not 
used by incompetent persons. 

A lathe and a saw bench are generally the first tools installed, others are 
added at intervals, until the shops are capable of doing more than ordinary 
repairs, and undertake the manufacture of light spare parts. With the aid 
of a cupola and steam hammer the accumulation of worn iron and steel 
can be turned to account, and many mines turn out their own shoes, dies, 
tram wheels, rock drills, and many other things which provide useful work 
for spare time. 

The workshops are usually grouped together and occupy a central 
position, the smithy being necessarily near the main shaft. Both fitting 
shop and smithy should bo connected to the shaft by a tram line for 
conveying drill bits to be sharpened, trucks, rock drills, and pumps for 
repair. 

A small equipment would comprise a saw bench, lathe, two drilling 
machines, screwing machines for pipes and bolts, a grindstone, and pair of 
emery wheels— these tools, in fact, being almost indispensable on every 
mine. 

Wood-working Tools. — Such sawing as is required is usually done 
by circular saws ; they take a wider cut than band saws, and therefore 
waste more lumber. But this is not an important point, and the circular 
form is the simplest ; it can be run by men who would be unable to 
handle either a band or a gang saw. 

The saw used should not be larger in diameter than is necessary for the 
cut ; the fronts of the teeth are tangential to a circle from one-third to one-half 
the diameter of the saw ; the backs of the teeth should be well supported 
and have no more clearance than a clean cut requires. For hard woods, 
the clearance is about right when a line drawn along the back of the tooth 
touches the point of the next tooth but one. See P'ig. 89. Under similar 
conditions a fine-toothed saw takes more power to drive it and makes a 
smoother cut, while a coarse pitch of tooth requires the support of a stiffer 
blade and takes a wider cut. In saws set with the ordinary tool, the setting 
is generally irregular, some teeth project more than others, and the result 
is rough lumber, requiring considerable dressing to work it down to a fair 



268 GOLD MINING MACHINERY. 

surrace. An even set is ensured by an angle block, such as is used for 
bolting work to lathe face plates, two or more edges being bevelled off to 
different angles. See Fig. 89. This tool is held against the saw, and each 
tooth struck with a light hammer about one-third up from the point to the 
root ; in this way, each tooth is set to the bevel planed on the block ; in 
Fig. 89 the middle tooth is in position for setting. 

Saw benches are useful for cutting lumber to dimensions, and even for 
squaring up logs on which one side has been adzed flat, but cannot be 
successfully employed in breaking down round logs; when used on hard 
woods, the feed is altogether loo fast and the saws themselves seldom 
stiff enough. 

For dealing with round logs a travelling carriage is ref|uired ; the log is 
secured to the headstocks by dogs, and fed forward at the end of each cut 
by a lever at the end of the carriage. This lever feeds forward all the 
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headstocks simultaneously, and works up to an adjustable stop, set for the 
thicknes.<i of lumber required. 

Thus if the stop is set to give a feed of i in., planks of that thickness 
will be cut, provided the lever is moved up to the stop. The mill is 
preferably arranged to receive logs at one end, and deliver the finished 
lumber at the other; the foundations must be substantial, as the speeds 
are high, and all vibration fatal to good work. 

The saws and feed shafts are carried on a frame, either of wood or cast 
iron, securely bohed to the foundations; the rails on which the carriage 
runs are planed to an inverted V, they must be laid perfectly parallel with 
the saw blade and fastened to timber bearers, these bearers being eithcT 
mounted on sleepers or supported on wails of masonry or concrete. If 
water is not available for sluicing out the sawdust, a tram line should run 
into the pit, as the accumulation is considerable when much work is done. 
An arrangement of step pulleys provides for varying the rate of feed. 
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according to the depth of the cut, but even the slowest speed is generally 
50 per cent, too fast for dealing with really hard wood. 

Saws of more than 5 J ft. in diameter have not the necessary stiffness ; 
for deeper cuts two saws are employed, the smaller of the two being set 
above and slightly in advance of the main saw; a combination of this 
description is capable of dividing a 4-ft. log in the middle. For all heavy 
work the American pattern saw, with removable teeth, can be recom- 
mended ; as the points of the teeth are widened by swaging to give the 
required clearance, the width of cut taken is slightly more than with the 
ordinary saw ; but if lumber is so scarce that the width of a cut is valuable, 
it is better to discard the circular type and use band saws. On the 
other hand, the diameter of the saw is not being constantly reduced by 
sharpening, and a fresh set of teeth can be put in in far less time than 
would be required to file up an ordinary saw. The blunt teeth can be 
swaged and sharpened at leisure, but they are cheap enough to discard 
after one or two filings. When using any form of circular saw on hard 
wood, it is advisable to let a jet of water, about ^ in. in diameter, play 
on the teeth as they emerge from the cut; this keeps the points cool 
and the spaces clear. 

When the mine is called on to supply all the dimensioned lumber 
required, a planing and thicknessing machine is a valuable acquisition, 
especially if additional cutter heads are fitted adapting it to moulding and 
grooving work. With a good grindstone and an emery wheel machine the 
wood-working department will be fairly complete ; but unless inserted tooth 
saws are used, a saw-sharpening machine should certainly be added to 
the list. 

The Fitting Shop will require at least two lathes ; both should be 
screw cutting and have gap beds. The smaller one, about 6-in. centres 
and 6-ft. bed, and fitted with a self-centring chuck, is specially useful in 
rock drill repairs, turning the shanks of drill bits and other small work. 

The larger lathe, about 9 or 10 in. high, should be provided with a 
bed long enough to take a stamp stem between centres, and a clear space 
should be left behind the movable head so that long lengths of shafting 
may be dealt with. The sliding carriage should be of ample area so as to 
hold cylinders that are to be rebored, a form of repair which largely 
increases the life and efficiency of small engines, pumps, and rock drills. 
All machine tools should be placed so that the light is thrown on the work, 
and not intercepted by the body of the operator ; the feet should rest on 
substantial concrete piers. Even a massive bed is easily deflected by 
indifferent supports, and it is essential that the surface be level and free 
from winding; it may be tested with a spirit-level, and by looking over 
straight-edges placed across the bed at various points. 

The alignment of the mandrel may be tested by applying a straight- 
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edge to a true face plate and checking it by a square placed against the 
edge of the bed. The accuracy of the back centre can be tested by 
squaring and polishing the end of a piece of 2-in. bar iron, about 3 ft. long. 
This is held in the chuck, and while revolving, a fine circle is scribed on 
the outstanding end ; the back centre, when brought up, should mark the 
centre of this circle. 

The Shaping Machine should have a stroke of not less than 1 2 in., 
be fitted with a vice for holding small work and a mandrel for dealing with 
hollow goods. Even when a power shaper is not installed, every mine 
should have one or two hand machines; these useful little tools have 
strokes of 6 and 8 in., take a cut ^ in. deep, and soon save their cost in 
files and labour. The price varies from J[fi to ;;^i2, and an attachment 
can be fitted for cutting keyways in wheels. 

A Planing Machine will only be found in well-established mines ; 
the table having a stroke of 4 to 6 ft., takes work beyond the range of the 
shaper. It is useful in trueing up slide valves and valve chests of engines, 
drills, and pumps, cutting keyways in shafting, and many other purposes. 

Drilling Machines. — One or two ordinary machines, capable of 
boring i^-in. holes, will be required, and also a higher class tool for 
work demanding greater accuracy. A 4-ft. radial drill answers the purpose, 
and may be fitted with a boring bar working through a bushing in the 
table. 

Screwing Machines. — A useful machine for all-round work can be 
obtained, which will screw pipes from i to 4 in. in diameter, and bolts 
from \ in. to 2 in. It is arranged to work either by hand or power ; the 
price is about ;;^65, which includes cutting off gear. 

A Grindstone and a pair of emery wheels complete the tool list ; 
the wheels should be arranged for wet grinding, as the dust is detrimental 
to the other machines. Probably a section of the shop will be devoted to 
rock drill repair, and it will be found a great convenience to fit a tank 
containing boiling soda solution, in which the parts of the drills are 
rapidly cleaned. This arrangement saves time and avoids much dirty 
work. Air for testing the machines will be laid on, and a stand fixed on 
which they can be tested. 

Another section of the shop may be arranged as a lock-up store for 
such supplies as are constantly required, such as rock drill spares, pump 
valves, packing, and jointing. It may also serve as a tool room for 
portable gear. 
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The Smithy. — In laying out the smithy the hearths and anvils must 
be conveniently placed with relation to each other, the fires hooded over 
to carry off the smoke, and water laid on for cooling the tuyeres and for 
tempering. It is by no means an economical plan to draw blast from the 
air pressure mains. The fires require volume of air rather than pressure. 
If compressed air is to be used, it is best to direct a small jet into an open 
cone behind the hearth and cause an induced draught. On the whole, a 
fan or blower is preferable ; the former works at a high speed and is con- 
veniently driven from the wood-working machinery .shafting, the air being 
led to the smithy either in pipes of ample dimensions or in a brick culvert. 



Fans. 



Diameter. 



Inches. 

13 
16 

22 

25 
30 



Revolutions 
per Minute. 



t,8oo 

1,700 
1,600 

1,500 
1,400 
1,300 



H. P. Required. Belt Width. 



l| 

2 

3 



Inches. 

li 

2 

2i 

3 

3i 

4 



Pulley 
Diameter. 



Inches. 

5 

5 
6 

7 
8 

9 



Smithy Fires. 



4 
6 

9 
12 

16 
25 



The blower works at a slower rate, but is more positive in its action 
and gives a higher blast pressure. The two vanes are generally made of 
wood, and are liable to swell and stick in damp situations and rainy 
seasons. They are not intended to work in actual contact with each 
other, and when turned slowly by hand should not be tighter at one part 
of the revolution than another. Should the vanes have more clearance 
than is desirable they can be recoated, and melted composition being 
applied to the hollows, not the rounded edges, of the vanes. Before 
coating, the hollows should be scraped clean, and if the vanes are removed 
from the casing, they must be replaced in the same relative positions, 
with the same teeth of the spur wheels in gear. 



Roots' Blowers. 



Number. 


1 

Revolutions u n i>^„i^a Cubic Feet of .\ir 
per Minute. "' ^- *^«l«»^a- per Minute. 


Diameter of 
Air Main. 


Smithy Fires. 


2A 
lA 

I 
2 

3 
4 


350 

350 
400 
400 
380 
380 


i 

I 

2 

4 
6 

8 


600 
800 
1,300 
2,000 
3.000 
4,500 


5 in. 
» 

7 M 

8 ., 
10 „ 

12 >, 


t 

10 
18 
30 
50 
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Drilling and bolt screwing machines n)ay be placed in the smithy, and 
in the early stages of work a rock drill can be turned into a useful 
little hammer. Should a larger hammer be installed at a later date, it 
should be driven by compressed air, as its intermittent use leads to 
considerable condensation if steam is employed. 

Drill sharpening machines have long passed out of the experimental 
stage, and are worth installing if only six machine drills are used. The 
various makes are alike in principle, the bits being compressed 
between dies, just as drop forgings are, and correct size and shape 
assured. Machine sharpened bits are uniform in gauge, clearance, and 
cutting angle, and will be found to do more work than those sharpened 
by hand. Cross bits can be sharpened as easily as any other form and 
may be used throughout the mine, an arrangement which reduces the 
number of bits required per shift and also the waste of steel. 

The Ajax is one of the simplest of these machines, and consists sub- 
stantially of two modified rock drills, one set horizontally and the other 
vertically, each being provided with suitable heads, anvils, and dies. The 
quantity of air consumed by the machine when fully employed is about 
equal to one ordinary rock drill. From 1,200 to 1,500 bits are sharpened 
in twenty-four hours, though two men with only two weeks* experience 
have turned out as many as 300 in four hours. 
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CHAPTER XVIII. 

DETAILS FOR ESTIMATES, 

Boilers — Water Power — Pumping — Hoisting — Air-Compressing — Rock Drills— Ore 
Treating — Gold Extracting — Diamond Drilling — ^Transport. 

Some outline specifications which had been prepared for insertion in this 
chapter have on second thoughts been omitted, as the engineer whose 
training enables him to fill up the blanks will hardly need such outlines as 
a guide. Instead of attempting to define the details and proportions of 
the machinery, it will, in most cases, be better to state clearly what work 
is to be done, under what conditions the duty is to be performed, and, 
broadly, the means considered most advisable. 

Even in these respects the information from the mine is often less 
complete than it might be, and some details for estimates are here offered 
as an aid in avoiding these omissions. The various points on which 
information is required are enumerated, and a glance through the lists 
may bring to mind something momentarily forgotten, saving delay in the 
execution of the order or expense in cabling further particulars. 

The information given should be sufficient to enable the directors to 
call for tenders and place the order without being troubled by the con- 
flicting claims of rival manufacturers; a provision all the more necessary as 
the board seldom has the assistance of disinterested advice on mechanical 
matters. 
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Boilers. 

1. Type required — vertical, Cornish, Lancashire, tubular, or water-tube. 

2. Evaporative power required ; or, 

3. Description of engines and their indicated horse-power. 

4. Test pressure. Working pressure. 

5. Size of each unit ; or, 

6. Weight conveniently handled in transport. 

7. Demand for steam, regular or irregular. 

8. Fuel to be used, description, quality, heating value. 

9. Feed water, its purity and temperature. 

10. Average daily temperature. 

11. Attendants, skilled or otherwise. 

12. Smoke stack required, complete with base plate and guys. 

13. Flues or breechings for connecting boilers to stack. 

14. Mountings, fittings, valves, gauges. 

15. Pipe connections for steam, feed, blow-off. 

16. Firing and cleaning tools, hose for cleaning tubes. 

17. Jointing materials. 

18. Non-conducting composition. 

19. Spare firebars, bearers, gauge glasses. Boiler tubes. 

20. Special seating bricks, firebricks, ordinary bricks, lime. 

21. Tackle, boiler carriage, jacks, gear. 

22. Feed pumps, feed heater, superheater. 

23. Tanks, feed filter. 

24. Materials for boiler-house. 

Water Power. 

1. Height of fall, from surface of intake to surface of tail race. 

2. Quantity of water available. 

3. Brake horse-power required, constantly or intermittently. 

4. Is storage of water possible? to what extent in proportion to the 

quantity used ? 

5. Is economy in the use of water essential ? 

6. The axis on which the wheel revolves to be vertical or horizontal. 

7. Governor required to regulate the speed. 

8. Speed variation permissible. 

9. Direction in which the wheel is to revolve. 

10. Speed at which the driven shafting is to revolve. 

11. Is the space limited in any direction? 

12. Piping, bends, valves, gates, screens, air and safety valves. 

13. Contour of ground on which the pipe line is to be laid. 

14. Shafting, belts, ropes, bearings. 

15. Timber for wheel frame, flume, housing. 

1 6. Building materials, cement, lime bricks. 
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Pumping Engines. 

1. Type — geared, direct, single or double cylinder, compound, condensing. 

2. Approximate quantity of water to be raised per minute. 

3. Any increase to be allowed for in wet seasons. 

4. Height of lift. Allowance for possible increase. 

5. Steam pressure available. 

6. Weight of heaviest piece not to exceed 

7. Distance from engine site to shaft. 

8. Shaft vertical. Angle of inclination with horizon. 

9. Bob. Balance box. Connections to engine and pump rods. 

10. Steam and water connections. 

11. Jointing materials. Tackle for erecting. 

12. Building materials, lime, cement. 

13. Materials for engine-house. 



Direct-Acting Pumps. 

1. Type— simple, compound, duplex. 

2. Double-acting, bucket type ; plunger, or double plunger. 

3. Quantity of water to be raised per minute. 

4. Water, clean, gritty, acid, salt. 

5. Height of lift. 

6. Steam or air pressure. 

7. Distance from pump to boiler. 

8. Position of pump, vertical, or horizontal. 

9. If for sinking purposes, to work suspended. 

10. To condense its exhaust steam. Water cylinder to be fitted with 

renewable liner. 

11. Water valves rubber faced. Packing. Cup rings. 

12. Hose connections for steam, for suction. 

13. Piping for steam, exhaust, suction, dehvery. 

14. Foot valve. Strainer. Cut-off valve to column. 

15. Spare valves, springs, packing, leather, hoses. 

16. Gear for slinging and lowering. 
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Pitwork. 

1. Quantity of water to be raised per minute ; water acid or salt. 

2. Height of lift ; possible increase. 

3. Length of pumping stroke. 

4. Power available. 

5. Shaft vertical or incline ; angle with horizon. 

6. Dimensions and sketch of pumping compartment, showing position of 

main rod, if fixed. 

7. Lowest fixed lift to have a working barrel at the foot of the column. 

8. Suction pipes to be straight, or diverted to catchments. 

9. Main rods required, complete. 

10. Catch wings and fittings. 

11. Timber for bearers, guides, rollers, cisterns. 

12. Guide rollers for incline shaft. 

13. Priming^ pipes to valve boxes. 

14. Sinking lift required complete. 

15. Rods for sinking lift, pin plate, set off. 

16. Spare sinking windbores, clacks, seats, bucket forms, prongs. 

17. Joint rings and bolls. Leather for gearing buckets. Packing. 

18. Capstan rope. 

Hoisting Plant 

1. Type of engine— duplex, compound. 

2. Drums, single or double ; fixed on the shaft, or free. 

3. Gross weight of load. 

4. Winding speed in feet per minute. 

5. Steam pressure available. 

6. Depth of mine ; possible increase. 

7. Dimensions and sketch of winding compartment. 

8. Distance from shaft to engine. 

9. Brakes to be post, or band ; actuated by hand, foot, or steam. 
1 o. Reversing gear, hand or steam actuated. 

11. Indicator fixed, or adjustable. 

12. Handles all controlled from one position. 

13. Heaviest piece not to exceed 

14. Headgear, steel, or timber ; height of ore delivery above ground ; angle 

of shaft, if inclined. 

1 5. Winding ropes, sheaves, detaching hooks. 

16. Skips, self-dumping; spare ones and parts. 

17. Cages, safety catches, trucks, rails. 

18. Building materials for foundation and house. 
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Air Compressors. 

1. Type — single duplex, compound, Corliss gear, condensing, two-stage. 

2. Motive power to be steam, water, or electricity. 

3. To be driven direct, or by ropes or belts. 

4. Cubic feet of air to be compressed per minute. 

5. Or the number and bore of drills, engines, or pumps to be worked. 

6. Steam pressure available. Air pressure required. 

7. Automatic regulation to be provided. 

8. Altitude above sea level. 

9. Description of air valves to be supplied. 

16. Receiver, fittings, connections. Recording pressure gauge. 

11. Intercooler, reheater, and connections. 

12. Particulars of air mains, length required, number of bends, connecting 

branches, valves, reducers, drain cocks. 

13. Ix*ngih required of distributing pipe, valves, and cocks. 

14. Water service pipe to cylinder jackets, to drills, to condenser. 

15. Steam connections to boiler. 

16. Limit of weight for transport. 

17. Spare spring rings, bearing brasses, valve springs, buffers. 

18. Building materials for foundations, for house. 

19. Foundation plan. 



Rock Drills. 

1. Number of machines required ; maker ; size ; spare ones. 

2. Nature of rock to be bored, hard, or seamy. 

3. Drill bits to have parallel or taper shanks. 

4. Diameter and depth of average holes. 

5. Number of columns required, their length ; single or double screw. 

6. Number of clamps and arms. 

7. Drill bits, their number, length, and pattern. 

8. Sharpening tools ; sharpening machine. 

9. Hoses, connections, unions, air cocks, sand pumps. 

10. Electric blasting, wires, detonators, battery. 

1 1. Spare parts — U bolts ; piston rods, rings, and springs ; buffers ; ratchets 

and ratchet wheels; twist bars and nuts; feed screws and nuts; 
front and back covers ; cradles ; packing glands ; valves ; tappets 
or rockers ; bolts ; hoses and fittings ; marline ; steel for bits. 
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Ore Treating. 

1. Stamps ; number of heads and weight of each. 

2. Framing of iron or wood. Foundation piles to be supplied. 

3. Ore bins. Grizzlies. Automatic feeders. 

4. Belt conveyors. Elevators. 

5. Amalgamating tables, plain surface or silvered. 

6. Stone breaker, belts and shafting for same. 

7. Screens, description and mesh. 

8. Line shafting, battery belts. 

9. Spwre heads, shoes, dies, cams, cam shafts, stone-breaker jaws, and 

springs. 

10. Clean-up pans, shafting and belts. 

11. Water service pipes, cocks, pumps. Tank. 

1 2. Buckets ; pans ; scales ; quicksilver ; wash leathers. 

13. Retort. Ingot mould. Amalgam safe. Strong room. 

14. Motive power, allowance for possible extension. Spare wearing parts. 

15. Amalgamating pans. Settlers. "Shafting and belts for same. 

16. Spare dies, mullers. 

17. Concentrating machines, shafting, belts. Speed of shaft from which 

the concentrators are to be driven. 

18. Tube mills, shafting and belts for driving ; spare liners, flints. 

19. Filter presses, cloths; hydraulic pumps. 

20. Cyanide vats, daily capacity required. 

21. Duration of treatment. Leaching qualities of ore. 

22. Vats to be of wood, shape. 

23. Tanks for solutions, for washes, and for sump. 

24. Precipitating boxes. 

25. Cyanide, zinc, crucibles, fluxes. 

26. Pumps and piping. 

27. Motive power. Zinc lathe. 

28. Trucks, rails. Incline hoist. Discharge crane. 

29. Materials for houses and construction. 
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Diamond Drilling. 

1. Boring to be done from surface, or underground. 

2. If underground, the space available. 

3. If from surface, the depth of deposit overlying solid rock. 

4. Kind of rock to be bored, hard, seamy. 

5. Maximum depth required to be bored. 

6. Approximate total drilling to be done. 

7. Diameter of core required. 

8. Motive power, steam, air, electricity. 

9. Boiler required, complete, portable. 

10. Pump, water piping. 

11. Portable steel headgear, height. 

12. Drill runners required, able to set crowns. 

Extras Required. 

A complete outfit is supplied with each machine, but extra wearing 
parts are necessary if the drilling is to be done out of the United States. 
Only 200 ft. of drill rods are included with the machine ; the additional 
rods for greater depths must be ordered as extras. 

Casing pipe. Drive pipe. 

Chopping bits. Reamers. 

Drill rods. Blank bits. 

Core barrels. Core lifters. Length of extra core barrels. 

Carbons. Hoisting rope. 

Pipe dies, taps, tongs, cutters. 



28o GOLD MINING MACHINERY. 



Railway. 

1. Plan and contour of proposed line. 

2. Total length of line and branches. 

3. Nature of traffic. Daily amount in tons. 

4. Approximate weight of heaviest load. 

5. Number of curves, radius of sharpest curves. 

6. Inclination and length of steepest gradients. 

7. Sleepers of wood or steel, pressed or rolled. 

8. Nature of ground and ballast to be used. 

9. Points and crossings, right hand or left. Sidings. 

10. Bridges. Wrought-iron culvert pipes. 

11. Platelayers' tools. 

12. Locomotives to haul tons ; at speed ; up gradients 

13. Fuel to be 

14. Water tanks. Water service pumps. 

15. Traversing jacks. Spire parts for engine. Spare couplings. 

16. Number of body trucks, platform trucks, timber and lock-up trucks 

17. Bodies to be removable to form platform trucks. 

18. Brakes to be fitted to each truck. 

19. Gauge of all rolling stock. 

20. Buffers and drawhooks. 

21. Spare wheels, axles, springs, bearings, couplings. 

22. Building material for stations, for sheds. 
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APPENDIX OF MISCELLANEA. 



Angle and Tee Iron. 

Sectional Area in Inches and Weight in Pounds per Foot. 



Width 






Thickness. 






of both 

















Flanges 














Added. 


i in. 

i 
Lbs. Ins. 


i*.T in. 
Lb<. , Ins. 


i in. 


T'ff >"• 


i in. 

Lb^. Ins. 


A in. 


Inches. 


U>s. 


Ins. 


Lbs. 


Ins. 


Lbs. Ins. 


3 


2.31 0.69 


2.82 0.84 


331 


0.99 


3.77 1. 12 


4.2 [.26 


• • • ... 


3i 


2.52,0.7s 


3.08 ' 0.92 


3.62 


i.oS 


4.14 1.2 


4.62 1.38 


1 
... ... 


3i 


2.73 0.81 


.3-35 ' 10 


3-94 


1. 18 


4.51 i 1.35 


5-04 1. 51 


... ... 


3i 


2.94 j 0.88 


3.61 1 1.08 


4.25 


1.27 


4.88 , 1.46 


5.46 1.63 


... • . . 


4 


3-15 0-94 


3.88 : 1. 16 


4.57 


1.37 


5-24 


1.57 


5.88 1.76 


6.5 1.94 


4i 


3.57 1.06 


4.4 1.32 


5-2 


1-5 


5.98 


1.76 


6.72 2.01 


7.44 2.23 


5 


399: I- 19 


4.92 1.46 


5.83 


1.74 


6.71 


2.0 


7.56 ; 2.36 


8.39 2.52 


54 


4.41 1.32 


5.45 ' 1.63 


6.46 


1-93 


7.45 


2.23 


8.4 


2.51 


9-33 


2.79 


6 


4.83 


1.44 


5-97 1.78 


7.09 


2.12 


8.18 


2.24 


9.24 


2.77 


10.28 


3.08 


H 


5-25 


1-57 


6.5 


1.94 


7.72 


2.31 


8.92 


2.67 


10.8 


^o2 


11.22 


3-3 


7 


5.67 1.69 


7.02 


2.1 


8.3s 


2.5 


965 


2.88 


10.92 


3.28 


12.17 


365 


l^ 


6.09 1.82 


7.55 


2.26 


8.98 


2.69 


10.39 


311 


11.76 


3.52 


13." 


3.92 


8 


6.51 


1-95 


8.07 


2.41 


9.61 


2.8 


II. 12 


3-32 


12.6 


3-77 


14.06 4.22 


H 


6.93 


2.07 


8.6 2.57 


10.24 


307 


11.86 


3.55 


13-44 


4.02 


15.0 


4.49 


9 


7.35 


2.2 


9.12 2.73 


10.97 


3.25 


12.59 i 398 


14.28 


4.28 


1595 


4.78 


9i 


7.77 2.33 


9.65 2.89 


II. 5 


3.44 


13.32 4.2 


15.12 


4.53 


16.89 


5.06 


lO 


8.19 2.45 


10.17 


304, 

1 


12.13 3.63 

1 


14.06 


4-43 


15.96 


4.77 


17.84 5-34 



Alloys. 

Fusible at boiling point. — 8 parts bismuth, 5 of tin, 3 of lead, 
the proportion of bismuth for higher temperatures. 
Brass for bearings. — 4 parts of copper, i of tin. 
Brass, ordinary. — 2 parts of copper, i of zinc. 
Antifriction metal. — 80 copper, 16 tin, 2 antimony, i lead. 
Babbitt metal. — 50 tin, 5 antimony, i copper. 



Increase 
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Beltingf. — The horse-power transmitted by single leather belts equals 
the breadth in inches multiplied by the speed in feet per minute multiplied 
by 70 divided by 33,000. 

For double leather belts multiply the above result by i^. 



Birmingham Wire Gauge. 



B.W.G. 



In. 



B.VV.G. 



In. 



00000 


.500-^ J 


i 10 

1 


•137 


0000 


.450 


II 


■125 = ^ 


000 


•437 


12 

1 


.109 


00 


•375 =-2- 


1 13 


.94 





.349 


»4 


.80 


I 


•312 ^-iV 


15 


•72 


2 


.284 


16 


63 = ,\t 


3 


.261 


17 


•55 


4 


.250=^ 


18 


48 


5 


•239 


»9 


.42 


6 


.208 


20 


35 


7 


.'87 -t\ 


21 


33 


8 


.166 


22 


29 


9 


.158 


23 


28 



W.G. 


In. 


24 


•25 


25 


.21 


26 


.20 


27 


.18 


28 


■15 


29 


•^3 


30 


.12 


31 


.10 


32 


.9 


33 


.8 


34 


7 


35 


5 


36 


4 



Cement for Leather Belts. 

Take 10 parts of sulphate of carbon, i part of oil of turpentine, add 
sufficient guttapercha to make a sticky mixture. See thai the 
joint is free from grease, leave under pressure until dry. 

Cement for Rubber Belts. 

By weight 16 parts of guttapercha, 4 of caoutchouc, 2 of pitch, 2 of 
linseed oil, i of shellac ; melt together and apply warm. 

Cement for Steam Work. 

1. Equal parts of red and white lead ground with linseed oil. 

2. 10 parts of white lead ground in oil, 3 of black oxide of manganese, 

I of litharge. 

3. I part of quicklime (lime that has slaked in a damp place), i part 

of fine sand, 2 parts of ground litharge, enough boiled oil to 
make a stiff putty. Dries quickly, does not keep. 
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Cement, Acid Proof. 

Powdered glass mixed with a concentrated solution of silicate of soda. 



Cement for Handles. 

1. Rosin, 4 parts; beeswax, i part; brick dust, i part. 

2. Rosin, 2 parts ; sulphur, i part ; add iron filings or brick dust. 



Cement, Waterproof, for Tanks. 

1. Melted glue, 8 parts; linseed oil, 4 parts; litharge, 2 parts; boil 

together. 

2. Ground lime, 5 parts ; fine sand, 5 parts ; mix with boiled oil. 

3. Glue, 4 parts ; oxide of iron, i part ; boiled oil, i part. 



Cements, General Purposes. 

1. 5 parts of fish glue, 5 parts of water, add i part of nitric acid 

slowly. 

2. Grated cheese, thoroughly washed in hot water to remove the fat, 

mixed with an equal weight of ground lime. 

3. I part of powdered resin, 10 parts of strong ammonia; allow to 

stand for several days before use. 



Cement, Rust. 

200 lbs. of iron borings or turnings moistened with water containing 
2 lbs. of sal-ammoniac and i lb. of sulphur. 
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Circumferences and Areas of Circles. 



Diam. 


Circum- 
ference. 

0.7854 


Area. 


Diam. 
12^ 


Circum- 
ference. 


Area. 


Diam. 


Circum- 
ference. 


Area. 


i 


.04908 


39.27 


122.71 


53 


166.5 


2206.1 


i 


1.570 


.1963 


I2J 


40.05 


127.67 


54 


169.6 


2290.2 


i 


2-356 


.4417 


13 


40.84 


132.73 


55 


172.7 


2375-8 


I 


3- 141 


.7854 


i3i 


41. 62 


137.88 


56 


175-9 


2463.0 


n 


3-927 


1.227 


'34 


42.41 


143.13 


57 


179.0 


2551-7 


H 


4.712 


1.767 


13I 


43.19 


148.48 


58 


182.2 


2642.0 


I? 


S-497 


2.405 


14 


43.98 


153.93 


59 


185-3 


2733-9 


2 


6.283 


3. 141 


I4i 


44.76 


159.48 


60 


188.4 


2827.4 


2i 


7.068 


3.976 


Hi 


45-55 


165.13 


61 


191. 6 


2922.4 


24 


7.854 


4.908 


14J 


46.33 


170.87 


62 


194-7 


3019.0 


2i 


8.639 


5-939 


15 


47-12 


176.78 


63 


197-9 


3II7.2 


3 


9.424 


7.068 


16 


50.26 


201.06 


64 


2DI.O 


3216.9 


3i 


10.21 


8.295 


17 


5340 


, 226,98 


6S 


204.2 


3318.3 


3i 


10.99 


9.621 


18 


56.54 


254.46 


66 


207.3 


3421.2 


33 


11.78 


11.044 


19 


5969 


283-52 


67 


210.4 


3525-6 


4 


12.56 


12.S66 


20 


62.83 


314.16 


68 


213.6 


3631.6 


4J 


>3-35 


14.186 


21 


65.97 


346.36 


69 


216.7 


3739.2 


4i 


»4i3 


15-904 


22 


69.11 


380.13 


70 


219.9 


3848.4 


4J 


14.92 


17.720 


23 


72.25 


415-47 


71 


223.0 


3959-2 


5 


15.70 


19.635 


24 


75.39 


452.39 


1 72 


226.1 


4071.5 


Si 


16.49 


21.647 


25 


78.54 


490.87 


73 


229.3 


4185.3 


5i 


17.27 


23.758 


26 


81.68 


530.93 


74 


232.4 


4300.8 


SJ 


18.06 


25.967 


27 


84.82 


572.5s 


75 


2356 


4417-8 




18.84 


28.274 


28 


87.96 


615-75 


76 


238.7 


4536.4 


6J 


19.63 


30.679 


29 


91.10 


660.52 


77 


241.9 


4656.6 


64 


20.42 


33-183 


30 


94.24 


706.86 


78 


245.0 


4778.3 


6J 


21.20 


35-784 


31 


97.38 


754-76 


79 


24«S. 1 


4901.6 


7 


21.99 


38.484 


32 


100.5 


804. 24 


80 


251.3 


5026.5 


71 


22.77 


41.282 


33 


103.6 


855-30 


81 


2544 


5153-0 


74 


23.56 


44.178 


34 


106.8 


907.92 


82 


257.6 


5281.0 


72 


24.34 


47-173 


35 


109.9 


962. 1 1 


83 


260.7 


5410.6 


8 


25.13 


50.265 


36 


1 13.0 


1017.8 


84 


263.8 


5541.7 


81 


25.91 


53-456 


37 


116.2 


1075.2 


85 


267.0 


5674-5 


84 


26.70 


56.745 


38 


1 19.3 


1134.1 


86 


270.1 


5808.8 


83 


27.48 


60.132 


39 


122.5 


1194.5 


87 


273.3 


5944-6 


9 


28.27 


63.617 


40 


125.6 


1256.6 


88 


276.4 


6082.1 


9i 


29.05 


67.200 


41 


128.8 


1320.2 


89 


279.6 


6221.1 


94 


29.84 


70.882 


42 


131. 9 


1385-4 


90 


282.7 


6361.7 


9* 


30.63 


74.662 


43 


135.0 


1452.2 


91 


285.8 


6503.8 


10 


31.41 


78.539 


44 


138.2 


1520.5 


92 


289.0 


6647.6 


loj 


32.20 


82.516 


45 


141. 3 


1590.4 


93 


292.1 


6792.9 


104 


32.98 


86.590 


46 


144.5 


1661.9 


94 


295-3 


6936.7 


10) 


33-77 


90.762 


47 


147.6 


1734-9 


95 


298.4 


7088.2 


II 


34-55 


95.033 1 


48 


150.7 


1809.5 


96 


301.5 


7238.2 


III 


35.34 


99.402 


49 


153.9 


1885.7 


97 


304.7 


7389-8 


114 


36.12 


103.86 


50 


157.0 


1963.5 


98 


307.8 


7542.9 


iij 


36.91 


108.43 


51 


160.2 


2042.8 


99 


3"-4 


7697-7 


12 


37.69 


113.09 


52 


163.3 


2123.7 1 


100 


314. 1 


7853.9 


I2i 


38.48 


117.85 1 






1 
1 
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Drawing Paper, Sizes of. 





Ins. 




Ins. 


Foolscap 


• »7 by i3i 


luiperial 


. 30 by 22 


Demy 


. 20 „ 15J5 


Columbier 


34i„ 23i 


Medium 


22 „ i7i 


Atlas 


34 i» 26 


Royal . 


• 24 „ 19 


Double Elephant 


40 „ 26J 


Super Royal 


. 27 „ 19 


Anti(}uarian . 


53 »» 31 


Elephant 


. 28 „ 23 







Earthwork. 

Weight per Cubic Foot and Angle with Horizon at which 

THE Material will stand. 







Lbs. per 




Degrees. 


cubic foot 


Clay, drained 


45 


105 


Rubble 


45 


100 


Earth, compact . . . . . 


50 


125 


Earth, loose ..... 


30 


95 


Gravel ....... 


40 


120 


Shingle 


39 


105 


Sand, dry ...... 


38 


120 


Chalk 


— 


146 


Mud 




105 
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Flat Bar Iron. 

Weight of a Lineal Foot. 



Width in Ins. 






Thickness in Inches. 








Lbs. 


i 


1% 
Lb.s. 


Lbs. 


A 

Lbs. 


§ 
Ll>s. 


A 

Lbs. 


Lbs. 


1 


8 

1 

Lbs. 


i 


I 
Lbs. 


Lbs. 


Lbs. 


Uis. 


^« 


.0132 


.0263 


•0395 


.0526 


.0658 


.0789 


.0921 


•1053 


.1316 


•1579 


.1842 


.2105 


h 


.0263 


.0526 


.0789 


•1053 


.1316! .1579 


.1842 


• 2105 


.2631 


•3158 


.3684 


.421D 1 


1% 


•0395 


.0789 


.1184 


-1579 


•1973 


.2368 


-2763 


•3158 


.3947 


.4736 


•5526 


.63151 


i 


.0526 


• 1053 


•1579 


-2105 


.2631 


-3158 


.3684 


.4210 


.5263 


-6315 


.7368 


,8420 * 


A 


.0658 


.1316 


•1973 


• 2631 


-3289 


-3947 


-4605 


•5263 


•6578 


.7894 


.9210 


1053 


T« 


.0789 


•1579 


.2368 


.3158 


-3947 


•4736 


.5526 


•6315 


.7894 


•9473 


1.105 


1.263 ' 


.0921 


.1842 


.2763 


.3684 


.4605 


.5526 


.6447 


•7368 


.9210 


1. 105 


1.289 


1-474 


h 


.1053 


.2105 


.3158 


.4210 


-5263 


-6315 


.7368 


.8420 


1.053 


1.263 


1.474 


1.684 


'> 


.1184 


.2368 


.3552 


-4736 


.5920 


.7104 


.8289 


-9473 


1. 184 


1.421 


1.658 


1-895 


S 


.1316 


.2631 


•3947 


•5263 


•6578 


•7894 


.9210 


i-053 


1.316 


1-579 


1.842 


2.105 


H 


.1447 


.2894 


•4342 


.5789 


.7236 


.8683 


1.013 


1.158 


1.447 


1.737 


2.oa6 


2.316 


f 


.1579 


.3158 


.4736 


•6315 


.7894 


•9473 


1.105 


1.263 


1.579 


1.895 


2.2IO 


2.526 


f 


.1710 .3421 


.5131 .6841 


.8552 ' 1.026 


1.197 


1.368 


1.710 


2.052 


2.394 


2.737 


.1842 


.3684 


.5526 


.7368 


.9210 


1.105 


1.289 


1.474 


1.842 


2.210 


2.579 


2.947 


H 


•1973 


.3947 


.5920 


•7894 


.9867 


1.184 


1.381 


1.579 


1-973 


2.368 


2.763 


3.158 




.210 


.421 


.632 


.842 


1053 


1.263 


1.474 


1.684 


2.105 


2.526 


2.947 


3.368 


li 


.237 


•474 


.710 


-947 


1.184 


1.421 


i.6s8 


1.895 


2.368 


2.842 


3.315 


3-789 


l| 


.263 


.526 


.789 


1.053 


1. 316 


1.579 


1.842 


2.105 


2.631 


3158 


3.684 


4.210 


if 


.289 


.579 


.868 


1.158 


1.447 


1.737 


2.026 


2.316 


2.894 


3.473 


4-052 


4-631 


li 


.316 


.632 


•947 


1.263 


1.579 


1-895 


2.210 


2.526 


3.158 


3-789 


4.421 


5052 


ifi 


.342 


.684 


1.026 


1.368 


1.710 


2.052 


2.394 


2.737 


3-421 


4.105 


4.789 


5-473 


*i 


.368 


.737 


1. 10s 


1-474 


1.842 


2.210 


2.579 


2.947 


3-684 


4.421 


5.157 


5.894 


M 


•395 


.789 


1.184 


1-579 


1.973 


2.368 


2.763 


3.158 


3.947 


4-736 


5.526 


6.315 


2 


.421 


.842 


1.263 


1.684 


2.105 


2.526 


2.947 


3368 


4.210 


5-052 


5.894 


6.736 


2i 


•447 


.895 


1.342 


1.789 


2.237 


2.684 


3. 131 


3-579 


4-473 


5.368 


6.262 


7.157 


^1 


•474 


■947 


1.421 


1.895 


2.368 


2.842 


3.315 


3789 


4-756 


5.684 


6.831. 


7.578 


.500 


I.tXX) 


1.500 


2.000 


2.500 


3.000 


3.500 


4.000 


4-999 


5.999 


6.999 


7-999 


2h 

2^ 


.526 


1053 i 1.579 


2.105 


2.631 


3.158 1 3.684 


4.210 


5.263 


6.315 


7.368 


8.420 


•553 


1. 105 


1.658 


2.210 


2.763 


3-315 1 3.868 


4.421 


5- 526 


6.631 


7-736 


8.841 


2j 


.579 


1. 158 


^737 


2.316 


2.894 


3-473 ; 4.052 


4.631 


5.789 


6.947 


8.104 


9.262 


2j^ 


.605 


1.210 


1.816 


2.421 


3.026 


3.631 1 4.236 


4.842 


6.052 


7.262 


8.473 


9.683 


3, 


.632 


1.263 1.895 


2.5261 3.158 


3-789 


4.421 


5-052 


6.315 


7-578 


8.841 


10.104 


3k 


.684 


1.368 2.052 


2.737 1 3-421 


4.105 4.789 


5-473 


6.841 


8.210 


9-578 


z 0.946 


3J 


•737 


I 474 2.210 


2.947 


3684 


4.421 


5-157 


5-894 


7.368 


8.841 


10.315 


11.788 


3? 


.789 


1.579 2.368 


3-158 


3-947 


4-736 


5526 


6-315 


7-894 


9-473 


11.051 


12.630 


4 


.842 


1.684 


2.526 


3.368 4.210 


5052 


5894 


6.736 


8.420 


10. 104 


11.788 


13-472 


4| 


• 895 


1.789 


2.684 


3-579 4.473 


5.368 ' 6.262 


7-157 


8.946 


10.736 : 12.525 


14.314 


4i 


.947 


1.895 


2.842 


3.789 


4-736 


5.684 6.631 


7-578 


9-473 


11.367 ' 13.262 


1 5- 156 


4i 


1. 000 


2.000 


3.000 


4.000 


4.999 


5.999 6.999 


7-999 


9-999 


11.999 13-998 


15998 


5 


1-053 


2.105 


3-158 


4.210 


5263 


6.315 


7.368 


8.420 


10.525 


1 

12.630 ^ 14.735 


16.840 


5i 


1.105 


2.210 


3-315 


4.421 


5-526 


6.631 


7-736 


8.841 


11. 05 1 


13.262 15.472 


17.682 


S; 


1.158 


2.316 3.473 1 


4.631 


5-789 


6.947 


8.104 


9.262 


11.578 


13.893 1 16.209 


18.524 


s! 


1. 210 


2.421 


3-631 


4.842 6.052 1 


7.262 8.473 1 


9.683 


12. 104 


14.525 16.946 


19.366 


6 


1.263 


2.526 


3.789 


5052 


6.315 


7.578 


8.841 


10. 104 


12.630 


15.156 17.682 


20.208 



MISCELLANEA. 287 



Girders (Timber), Strength of. 

Breadth in inches multiplied by the depth in inches squared, divided 
by the length of the unsupported span in feet ; multiply the 
quotient by 3 for Riga fir, by 5 for red pine, by 5 for English 
oak. The answer is in cwts. 



Girders (Rolled Wrought Iron). 

Multiply the area of the bottom flange, including the lower quarter of 
the web (treat it as tee iron), by six times the depth, divide by 
the unsupported length in feet ; gives breaking weight in tons in 
the centre. Safe load, one-fourth to one-fifth. 



Proportionate Load. Tons. 

Girder embedded at both ends, load concentrated in the centre, 
equals ......••••. 



X 



Girder supported at both ends, load distributed, equals x 

Girder embedded at each end, load distributed, equals =^ 



Girder supported at both ends, load concentrated in the centre, 
equals .......«••• 

Girder supported at one end only, load distributed, equals . 

Girder supported at one end only, load concentrated at further end 



X 

2 

X 

4 

X 

8 
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Rolled Wrought-Iron Girders. 

Safe Permanent Distributed Load in Cwts. 



1 

Dimensions 


Weight 

per Foot 

in Lbs. 


Span. 

1 


in Inches. 


6 Ft. 

45 
74 
90 

180 


8 Ft. 

34 
50 
66 

>35 


10 Ft. 

27 
40 

53 
118 


12 Ft. i6 Ft. 


20 Ft. 

13 
20 

56 


24 Ft. 


28 Ft. 


4 X l£x l} 
5X2X2 

4i X 3i X 3 

7 X2iiX2^ 


8 
lO 

14 
i8 


22 , 17 

35 25 
44 34 
94 72 


II 

17 

22 

44 


1 

9 
'5 
17 
34 



Hydraulic Memoranda. 

= 277.27 cub. in. = 10 lbs. = 1.2 gal. (American) = 



= 231 cub. in. = 8.33 lbs. = .83 gal. (Imperial) = 



I gal. (Imperial) 

4.537 litres. 
I gal. (American) 

3.8 litres. 
I cub. ft. fresh water = 62.425 lbs. = .557 cwt. = 6.24 gals. 
I cub. ft. salt water = 64. 11 lbs. = 6.25 gals. 
I lb. fresh water =27.72 cub. in. = .i gal. (Imperial). 
I ton fresh water = 36 cub. ft. 

Pressure in pounds per square inch = vertical head multiplied by .433. 
Pressure in pounds per square inch x 2.31 = vertical head in feet. 
Pounds of water in a pipe . = diameter of pipe in inches squared 

multiplied by the length in yards. 

Efflux of water under pressure in 
tons per hour per square inch = head in feet multiplied by 20 ; take 

the square root of the product. 

The friction of water in pipes varies as the square of the velocity. 

Assuming an efficiency of 75 per cent, in the motor, 



The Horse-power . 

Cubic feet required per H.P. 

Fall required for H.P. . 



= cubic feet per minute multiplied by 
fall in feet divided by 706. 

= H.P. multiplied by 706 divided by 
the fall in feet. 

= H.P. multiplied by 706 divided by 
number of cubic feet per minute. 
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Iron, Round and Square Bar. 

Weight per Foot. 



Inches Diam. 


Round. 


Square. 


Inches Diam. 


Round. 


1 

Sqxiare. ; 

r 




Lbs. 


Lbs. 




Lbs. 


1 
Lbs, 


i 


0.164 


0.2 


2| 


19.84 


25.26 


1 


0.36 


0.47 


2i 


21.7 


27.6 


i 


0.65 


0.833 


3 


23.6 


30.07 


i 


1.02 


1.3 


3i 


27.87 


35-25 


1 


1.47 


1.87 


3i 


32.1 


41.0 


' 1 


2.01 


2.55 ' 


3! 


36.9 


47.0 


I 


2.62 


3.34 ' 


4, 


42.0 


53.4 


14 


332 


4.22 


4J 


47.4 


60.32 


«i 


4.09 


5.25 1 


4i 


53.1 


67.06 


>l 


4.96 


6.3s 1 


4l 


59-2 


7503 


li 


5-9 


Z-5I 


5 


65.5 


83.5 


li 


6.9 


8.82 { 


Si 


72.3 


92.5 


11 


8.03 


10.29 


54 


79.4 


lOI.O 


'i 


9.22 


11.74 


51 


86.7 


1 10.5 


2 


10.5 


13.36 


6 


94.5 


120.2 


2* 


11.84 


15.08 


6i 


III.O 


142.0 


2i 


1327 


16.91 ' 


7 


128.0 


164.0 


21 


14.79 


18.85 


74 


149.0 


188.0 


*i 


16.4 


20.8 


8 


168.0 


214.0 


2S 


18.07 


23.1 

1 


9 


212.0 


272.0 



The weight of bar iron in pounds per foot of length equals — 

1. The sectional area in inches multiplied by 3.34. 

2. The sectional area in eighths of an inch multiplied by .052. 

Sheet iron weighs 5 lbs. per square foot for each eighth of an inch. 
^ in. thick = 2^ lbs. per foot. 

i » =5 
i I, =10 
2 » =20 „ „ 






}) 



»> 



T 



290 



GOLD MINING MACHINERY. 



Metals. 





— — 


Specific 
Gravity. 


Weight per 
Cubw Fl 


Weight 


Tensile 

Strength 

per Sq. In. 


Melting 
Point. 






Lbs. 


Lbs. 


Tons. 


Fahr. 


Aluminium, cast .1 2.67 


166.6 


.096 


• » « 


• • « 


Antimony, cast 




i 6.72 


418.17 


.242 


0.47 


Sio** 


Bismuth, cast 




9.82 


613.0 


•3547 


1.45 


495 


Copper, cast . 




8.607 


535-6 


.31 


8.4 


1950 


„ bars . 




8.85 


549.5 


.318 


17.0 


• •• 


Gold . 




19-361 


1208.5 


.699 


9-1 


2100 


Iron, cast 




7.25 
7.78 


449.0 


.26 


7.3 


2786 


„ wrought 




485.6 
708.5 


.28 


22.0 


• • • 


Lead 




11.36 


.41 


a8 


612 


Mercury 




13.59 


846.72 


.49 


• • • 


• • • 


Platinum 




21.531 


1343.9 


.775 


• • « 


3080 


Silver . 




10.474 


635.8 


-37 


• • • 


1873 


Steel . 




8.0 


499.0 


.288 


50.0 


2255 


Tin 




7.29 


455.0 


.262 


2.0 


442 


Zinc .... 


7.0 


437.0 


.252 


3-3 


736 



Materials, Various. 



Brickwork in Mortar 

Charcoal 

Clay, solid 

Concrete 

Coal, bituminous, loose 

Coal, anthracite 

Earth, solid 

Gravel . 

Granite . 

Masonry, nibble 

Sand, pit 

Quartz, in position . 

Quartz, broken 

Oil, lubricating 

Oil, Petroleum . ' 

Tallow . 

Air at sea level, at 62° Fahr. 



22 J cub. ft. = I ton 
123 

17 

18J 

44 
42 

18 

18 

13.5 
16 

22J 

13 
20 

I 

I ton 



>» 

»» 
»> 

» 
39 
11 

9i 



» 

» 

>l 
f> 
It 

l> 
l> 
II 



I cub. ft. = 100 lbs 
= 18 
= 132 
= 120 

= 51 

= 52.5 
= 120 

= 120 

= 166 

= 140 

= 100 



= 6.23 gals. 58 lbs. 
= 275 gals. 



I cub. ft. = 59 lbs. 
I cub. ft. = .076 lb 
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Mensuration. 

Circle — 

Diameter multiplied by 3. 141 59 equals the circumference. 
Diameter multiplied by .886226 equals side of equal square. 
Diameter multiplied by .7071 equals side of inscribed square. 
Diameter squared and multiplied by .7854 equals the area. 
Length of arc multiplied by half the radius equals area of sector. 

The area of a — 

Circle = Diameter squared multiplied by .7854. 

Parabola . . . = Two-thirds of the base multiplied by height. 

Ellipse = Transverse and conjugate axes multiplied to- 

gether and multiplied by .7854. 

Triangle . . . = Half the product of the base multiplied by the 

vertical height. 

Equilateral triangle =The square of one side multiplied by .433. 

Square or Parallelogram = The product of two adjacent sides. 

Sphere . . . = Diameter squared and multiplied by 3. 141 6. 

The cubic contents of a — 

Cube . . . = Height, length, and breadth multiplied together. 

Sphere = Diameter cubed multiplied by .5236. 

Cylinder or Prism . = Area of base multiplied by length. 
Cone . . . =Area of base multiplied by one-third of the 

height. 
Wedge . . . = Area of base multiplied by half the length. 
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Names, Common and Chemical. 



Common. 
Aqua fortis 
Cream of Tartar 
Chalk 

Caustic Potash 
Corrosive Sublimate 
Epsom Salts . 
Galena . 
Glauber's Salts 
Iron Pyrites 
Jewellers' Putty 
Lime 

Lunar Caustic . 
Salt . 

Saltpetre . 
Potash 
Red Lead 
Rust 

Sal Ammoniac . 
Slaked Lime . 
Soda 

Spirits of Salts . 
Sugar of I^ead . 
Vermilion 
Vitriol, blue 
Vitriol, green . 
Vitriol, white . 
Vitriol, Oil of . 



Chemical. 
Nitric Acid. 
Bitartrate of Potassium. 
Carbonate of Calcium. 
Hydrate of Potassium. 
Bichloride of Mercury. 
Sulphate of Magnesia. 
Sulphide of Lead. 
Sulphate of Sodium. 
Bi-sulphide of Iron. 
Oxide of Tin. 
Oxide of Calcium. 
Nitrate of Silver. 
Chloride of Sodium. 
Nitrate of Potash. 
Oxide of Potassium. 
Oxide of Lead. 
Oxide of Iron. 
Chloride of Ammonium. 
Calcium Hydrate. 
Oxide of Sodium. 
Hydrochloric Acid. 
Acetate of Lead. 
Sulphide of Mercury. 
Sulphate of Copper. 
Sulphate of Iron. 
Sulphate of Zinc. 
Sulphuric Acid, 
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Pipes. 

Pressure required in Pounds per Square Inch to deliver various 
Quantities of Water through too Feet of Pipe. 







Gallons. 






Bore of 










Pipe. 








1 






1 




4 


8 


12 


16 


20 24 


30 


40 


60 

1 


Inches. 




















I 


.84 


3.16 


7.0 


12.3 


19.0 27.0 


39.0 


• • • 


• • • 


14 


.12 


0.5 


I.O 


1.6 


2.6 , 3.25 5.25 


9-5 


20.0 


2 


■ • • 


O.Z2 


0.27 


0.42 


0.67 0.9 


, 1-35 


^•K 


4.8 


24 


• ■ • 


• • • 


• • ■ 


0.12 


0.21 


0.3 


0.5 


0.78 


1.4 


3 
3 


• • • 


• • • 


■ • • 


• • • 


• • • 


• • ■ 


0.14 


0.35 


0.7 




Gallons. 






80 


100 


- 


I2C 


• 

) 


150 ] 
4.0 5 


75 


200 


250 


300 


I.I 


1.2 


2.81 


.3 


7-§ 


• • • 


• •• 


4 


0-3 


0.5 


0.7 




1.0 1.25 


1.8 2.6 

1 


3-75 


6 


• • ■ 


0. 1 




0.15 0.2 


o.2r5 0.37 


0.52 



Pumps. 

Short rule for the displacement of pumps in gallons per foot of stroke- 
Diameter in inches squared and divided by 30. 
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Steel. 

The weight of octagonal steel in pounds per foot equals the diameter 
in eighths of an inch squared, and multiplied by ii, and divided by 250. 

Weight of Bar Steel in Pounds per Foot. 



Diameter. 



Round. 



OctagonaL 



Square 



1 

Inches. 


I 
Lbs. 


Lbs. 


Lbs. 


- 


i 


1.044 1 


I.IOI 


1.329 




< i 


J.503 1 


1.586 


1.914 




i 


2.046 


2.158 


2.605 




1 '. 


2.673 


2.819 


3403 




'\ 


3.382 


3568 


4.307 




'i 


4.176 


4.405 


5.317 




«i 


5053 


5.33 


6.433 




■i 


6.013 


6.343 


7.656 




'6 


7.057 


7-444 


8.985 






8.185 


8.633 


10.421 




l| 


9396 


9.92 


11.963 




( 2 


10.69 


11.276 


13.61 1 




2i 


13.53 


14.256 


17.227 




2i 


16.703 


17.618 


21.267 





Solders. 











Component Parts. 








Solders for 
















Tin. 


Copper. 


Brass. 


1 
Lead. Antimony. 


1 

Bismuth. 


Pewter, 


Zinc 

1 


Lead . 


I 


••• 


Ij 1 ... 


• •• 


«• ■ 


1 


Tin . 




I 








• • • • • • 

1 


I 


4 


... 1 


»> • 




I 








2 1 


• • • 






• • • 


Pewter 




2 








1 


2 






• • • 


fi • 




2 








i I 


• • • 






• « • 


Brass . 




• • • 






2 


■ • • • • • 


• • • 






I 


Solder, soft 




2 








I 


• • ■ 






... 


„ hard 


1 • • » 


2 




• ■ • • • • 


• • • 






I 


Brazing, soft 


2 


• • • 




• « ■ A 


• • • 






• • • 


,, hard 


1 • > I 


I 




• ■ • • • • 


• • ■ 






I 


,, very har< 

1 


i ... 


3 




1 ... 

1 


1 






I 

1 
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Solders, Special. 

Silver Solder. — ^Three parts silver to one of brass. 

Silver Solder, Hard. — Four parts silver, one part copper. 

Silver Solder for Brazing Steel.— Nineteen parts silver, one part 
copper, two of brass. 



Screw Threads. 

Whitworth Standard Screw Thread — Angle 55 Degrees, Depth 
equal to the pitch, one-sixth rounded off the top and 
Bottom. 



Diameter 


Safe Load 
in Lbs. 


Threads per 


Diameter 


Safe Load 


Threads per 


of Bolt. 


Inch. 


of Bolt. 


in Lbs. 


Inch. 


A 


80 


24 


i 


3,100 


9 


i 


170 


20 


I 


4,050 


8 


A 


300 


18 


li 


5.100 


7 


I 


450 


16 


li 


6,600 


7 


620 


14 


18 


9.550 


6 


i 


810 


12 


14 


• • • 


6 


i 


i»4So 


II 


I« 


• * • 


5, ' 


S 


2,200 


10 


i 2 

1 


• • ■ 


4i 
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Timber. 

To hasten the seasoning of timber, allow the felled tree to lie without 
trimming any of the branches ; the leaves draw a large proportion of the 
sap from the trunk. Trim the tree when the leaves have withered. 



Strength and Weight of Timber. 



Acacia . 
Ash 

Beech . 
Cedar . 
Chestnut 
Deal . 
Elm . 
Fir . 
Lignum vitie 
Mahogany 
Oak . 
Pine, red 
Teak . 



Weight in ' 


Tensile Strength 


Crushing Weight 


lbs. per cub. ft. 


in lbs. per sq. in. 


in lbs. per sq. tn. 


46 


16,000 


■ • • 


45 


13.000 


9,000 


43 


15,000 


8,500 


47 


5,000 


5»7oo 


38 


12,000 


• • • 


43 


12,000 


5*850 


40 


i3»ooo 


10,300 


32 


10,100 


6,500 


83 


11,800 


10,000 


50 


21,000 


8,000 


53 


10,000 


6,400 


40 


12,000 


5.400 


46 


8,000 


12,000 



Water. 

Theoretical Discharge under Pressure. 

The velocity in feet per second is eight times the square root of the 
head in feet. 

The quantity discharged in gallons per minute is the square root of the 
height, multiplied by the diameter of the opening squared, multiplied 
by 16.3. 

The rainfall in inches multiplied by 3,630 equals millions of gallons 
per acre. 
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Wheels for Screw-Cutting. 



Table of Change Wheels for Whitworth's Standard Threads. 







Main Screw of a ] 


per In. 


Main Screw of 3 per In. Main Screw of 4 per In. 


Diameter of 
Screw. 


No. of 
Threads 
per Inch. 























1 








1 








1 




Inches. 




M. 


S.W. 


S.P. 


S. 


M. 


S.W. S.P. 


S. 


M . 


0. W. o.". 


s. 


















i 


20 


20 


90 


45 


100 


30 


90 45 


100 


20 


50 


45 ; 90 


^ 


18 


20 


90 


50 


100 


30 


80 40 


90 


20 


' 90 


i 


16 


20 


80 


50 


100 


30 


80; 45 


90 


20 




• • • ■ • 


80 


14 


20 


70 


50 


100 


30 


70 45 


90 


20 




• • • • • 


70 


i 


12 


20 


60 


50 


100 


30 


60 i 


^5 


90 


20 




* • ■ • • 


60 


§ 


II 


20 


55 


50 


100 


30 


55 ^ 


^5 


90 


20 ; 




... 55 


s 


10 


40 


90 


45 


100 


30 


50 ^ 


^5 


90 


20 j 




... 


50 


i 


9 


40 


90 


50 


100 


30 


... 1 . 




90 


20 1 






45 


1 


8 


40 


80 


50 


100 


30 


... 




80 


20 : 




... 


40 


i| and I J 


7 


40 


70 


50 


100 


30 






70 


20 ' 




• . . 


35 


19 » li 


6 


40 


60 


50 


100 


30 




• 


60 


20 , 






30 


If „ ij 


S 


40 


• •• 


• •• 


100 


30 






50 


20 






25 


a » 2 


44 


40 


■ • • 


• •. 


90 


30 






' 45 


40 








45 


2i „ 24 


4 


40 


ft • • 


■ « • 


80 


30 






' 40 


40 ; 






40 


2j ,, 3 


34 


40 


• ■ • 


• • • 


70 


30 






i 35 


40 








35 



M. denotes the wheel on mandrel ; S.W. the stud wheel ; S.P. the stud pinion ; and S. 
the screw wheel. Where no wheels are shown, any convenient one will answer to 
gear M. and S. tc^ether. 
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PROPORTION OF PARTS. 



Spanners — Rod Bearings — Rod Ends — Link Ends — Forked Ends- 
Cranks — Levers. 



l~E-^ 



t-f 1 




Spanners. 



Fig. 90. 

A = widthof nut. d = ax.825. 

b = ax.47. e = ax.4. 

C=AX.44. F = AX.225. 

Length of handle a x 9. 
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^^ — mf 




Rod Bearings. 



Fig. 91. 
A = diameter of bearing. 

B = AX.I5. 

C = J less than B. 

I) = A + 2C. 
E = AX.4. 



F = AX.43. 
G = E. 
L = A. 
M = A. 
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Rod Ends. 



Fig: 92. 



A = diameter of pin. 
B = one-third of A. ' 
C = AX2. 



D = A. 
E = A. 







Link Ends. 



Fig. 93. 



A = diameter of pin. 
B = two-thirds of 2a 
c = one -third of a. 



D=A. 

E = two-thirds of B. 

F = half A. 
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..... 



F— 




Forked Ends. 



Fig. 94. 

A = diameter of pin. 
B = half A. 

C = A + |. 



D = A. 
R = A. 

F=half A, 



302 



GOLD MINING MACHINERY. 




Cranks. Levers. 



A = diameter of pin. 
c = half A, 

I) = A. 

E= one- third of F. 



Fig. 95. 

F= shaft. 

G = F. 

H=one and a half a. 

K = F and E added together. 
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^ 



Sctkr 

l.l.l.l.r .I.I.I.I.I.I.I.IiIiIiFt^ 



A Four steitnwHys 
eacfr i din 




Fig. 96. — Working Drawing of Steam Whistle. 



INDEX. 



AIR compression, 142 
diagram, 145 

— reheating, 146 

— compressors, IngersoU-Sergeant, 149 
details for estimates, 277 

erecting, 151 

Walker*s, 148 

water required for, 151 

— cubic feet required for rock drills, 154 

— delivery at various pressures, rule for, 

152 

— lift, 105 

— mains, 152, 247 

— receivers, 152 

— valves, 147 
Alloys, 281 

Amalgamating tables, 189 
Ampere, 26 
Anchorages, 263 

Angle and tee iron, weight of, 281 
Asphalt flooring, 255 



BALL mills, 196 
Bar iron, flat, weight of, 286 
*' Beam" compound feed pump, 117 
Bearings, relining, 200 

— for shafting, 215 
Belting, joints for, 220 

— quarter-turn drive, 21 8 

— rules for, 220, 282 

— slipping, 220 

— table of, 221 
Belt conveyors, 240 
Belts, 219 

Bedding engine frames, 41 

Birmingham wire gauge, 282 

Blowers, Root's, 271 

Bobs, for pumping, 92 

Boilers, average coal consumption, 6 

— Babcock & Wilcox, 63 
tests of, 70 

— Cochran, 51 
table of, 52 

— Cornish, 53 

— details for estimates, 274 

— examination of, ^6 

— Lancashire, 53 



Boilers, multitubular, 57 

— overhauling, 77 

— placing in position, 54, 60 

— power of, 6, 51 

— protection when not in use, 76 

— requirements in, 50 

— setting, S3 

— under steam, 79 

— vertical, 50 

— water-tube, 61 

Boring bits for rock drills, 160, 168 
Boreholes, 177 
Brick making, 253 
Bucket leathers, 98, 114 
Building cement, 252 

— engine loadings, 37 

— foundations, 252 

laying out masonry, 34 

— mortar, 252 

— masonry, ashlar, 37 

rubble, 253 

Buss table, 206 



CAGES, 137 
Cams, 182 
Capstans, 26(5 
Cap stones, 37 
Cements, building, 252 

various, 282 

Centrifugal pumps, 116 
table of, 117 

— concentrator, 204 
Chains, 260 

Chimneys, area and height of, 65 

— construction of, 66 

— draught of, 66 

— iron, 67 

erection of, 68 

— table of, 68 

— temperature of escaping gas, 65 
Circles, areas and circumferences of, 284 
Circular saws, 268 

Circuits, electric, 26 
Coal, 69 

Cochran boilers, 51 
Combustion, 5 
Concentrating machines, 204 
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Concrete, 254 

Condensation in steam pipes, 9, 244 

Conductors, electric, 27 

Converting single engine into duplex, 4$ 

to tandem, 49 

Corliss valves, setting, 44 
Cranks, proportions of, 302 
Cyanide plant, arrangement, 209 

construction of vats, 209 

equipment, 212 

foundations, 211 

size of vats, 208 



DEAD centres, placing engine on, 43, 
. 47 
Deflection in boreholes, 176 
Diamond drills, 172 

details for estimates, 279 

erecting, 174 

table of, 178 

water required for, 175 

Differential gear for pumping engines, 89 
Direct-acting pumps, 105 

adjustments, 112, 114 

details for estimates, 275 

duplex, 1 10 

Knowles, 1 10 

Niagara, 112 

Tangye, 108 

fixing, 107 

selecting, 106 

Ditches, 14 
Donkey pumps, 117 
Drawing paper, sizes of, 285 
Drill sharpening machines, 272 

— bits, 160 

sharpening and hardening, 168 

Dynamos, 26 

— fixing, 27 

— running, 28 



EARTHWORK, weights of materials, 

fk:centrics, position of, 46 
Electric rock drills, 166 
Electricity, 25 
Elevators, 241 
Engine diagrams, 82 

— erecting, alignment of shaft and 
cylinders, 40 

assembling, 42 

adding a second side, 48 

bedding frames, 41 

jointing up, 48 

lines for, 32, 35 

levelling, 39 

placing engine on centre, 43, 47 

setting lines, 38 

setting valves, 44 



I 
U 



Engines, combined pumping and winding, 
124 

— fuel consumption of various types, 70 

— horse-power of, 85 

— Holman's portable winding, 122 

— overhauling, 78 

— periodic testing, 86 

— protection when not in use, 76 

— under steam, 80 

— winding, 120 
Erection of boilers, 54, 60 

— of chimneys, 68 

— of headgears, 263 

— of stamp mills, 186 

FANS, 271 
Feeders, for ore, 190 ^ 
Feeding boilers, 74, 79 
Feed water, impurities, 72 
tests for, 74 

— heating, 74 

— purifying, 73, 225 
Fitting-shop tools, 269 
Flanged jomts, 244, 249 

Flat bar iron, weight of, per foot, 286 
Flumes, 14 

Forked ends, proportions of, 301 
Foundations, bolts, 36, 42 

— materials for, 33 

— setting out, 36, 125 
Frue vanner, 204 

Fuel, consumption in various engines, 70 

— tests of, 70, 72 

— value of, 6 

GALVANISED iron, particulars of, 
.255 
Gas engines, 21 

Gases, table of, composition and calorific 

value, 24 
Girders, rules for, 287 
Grinding ores, 196 
Guides for stamp mills, 183 

HEADGEARS, 138 
— steel, 140 

— erection of, 263 

— lifting, 363 

— strength of, 139 
Hoisting machinery, 120 

details for estimates, 276 

Horse-power of engines, 85 

— of water, 13 
Hydraulic memoranda, 288 

IMPACT wheels, 19 
Inclines, table of, 141 
Indicator diagrams, 82 
showing defects in valve setting, 83, 

84.85 
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Iron buildings, 258 

— chimneys, 67 

— weight of flat bars, 286 
of girders, 288 

of round, square, and sheet, 289 

of Tee and angle, 281 



T lOS, 203 

J Joint, flanged, 244, 249 
Joint, rust, 251 

— screwed, 243 

— spigot and faucet, 248 



KIBBLES, 136 
Knowles* pump, 1 10 



LATHES, 269 
Laying tram lines, 229 
Lift, pumping, plunger, 96 

sinking, 97 

Lifting headgears, 363 

Link ends, proportions of, 300 

Locomotives, light, 235 



MACHINE tools, 270 
Machinery, care of, when not in 
use, 76 
Magnets, field, 27 
Management of motive jx)wers, 76 
Masonr)', 34, 37, 253 
Materials, weight of, 290 
Mensuration, 291 
Metals, particulars of, 290 
Mono-rail conveyor, 240 
Mortar, 252 
— boxes, 180 

Motive power, management of, 76 
Multitubular boilers, overhauling and re- 
tubing, 77 



N 
O 



AMES, common and chemical, 292 
Niagara steam pump, 112 



RE feeders, 190 
Ore treating machinery, details for 
estimates, 278 



PAINTS and painting, 258 
Pans, 194 
Pelton wheels, 19 

table of, 21 

Penstocks, 16 



Percussion tables, 202 
Petrol motors, 21 
Petroleum as fuel, 68 
Pipe joints, 243 

— threads, 242 
Pipes, 242 

— for air, 247 

— for foundation bolts, 36, 42 

— for power supply, 247 

— for steam, 244 

— for water, 245 

Pistons for water ends of pumps, 113, 1 15 
Pit work, 94 

— details for estimates, 276 
Plunger lift, fixing, 96 
Points for tram lines, 231 
Power, loss of, 7 10 

— transmission, examples, 224 
Proportions of various details, 298-302 
Pulley blocks, 261 

Pulleys, belt, 215 

lumping by air and water pressure, 104 

— engines, 87 

connections, 92 

direct-acting, 8q 

directions for working, 91 

geared, 88 

— machinery, details for estimates, 275 
Pumps, adjustments, 112 

— centrifugal, 116 

— details for estimates, 275 

— direct -acting, 105 

— donkey, 117 

— duplex, no 

— fixmg, 107 

— overhauling, 119 

— Riedler, loi 

— rules for displacement, 293 

— station, 100 

— Tangye, 108 

— tables of, 103, 104, III, 117, 119 



q: 



UARTER.TURN belt drive, 218 



RAILS, 230 
Railways, light, 235 
— details for estimates, 280 
Receivers for compressed air, 152 
Red lead joints, 250 
Rock drills, 155 

air required for, 154 

bits for, 160, 168 

mounts for, 160 

details for estimates, 277 

electric, 166 

maintenance, 165 

running, 162 

table of, 160 
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Rock -breakers, 191 

Rod bearings, propKjrtions of, 299 

— ends, proportions of, 300 
Rods, main, for pumping, 93 
Rolls, 198 

Roof frames, 256 

Roofing, 255 

Ropes, hemp and manilla, 261 

— wire, 131 

— for power transmission, cotton, 221 
wire, 222 

— shackles and splicing, 134 

— table of, 132 
Ropeways, 237 
Rust joints, 251 



SAWS and saw setting, 268 
Screens for stamps, talile of, 182 
Screw-cutting, wheels for, 297 
Screw thr&ids, 295 
Settlers, 194 
Setting l)oilers, 53 

— valves, Corliss, 44 

of duplex pumps, 115 

slide, 45 

Shackles for wire ropes, 134 
Shafting, rules for, 214 

— setting out, 216 
Shaping machines, 270 
Sheer legs, 263 
Sinking lifts, 97 
Skips, 138 
Sleepers, 229 
Solders, 294 

Sole- plates, 34 

Spanners, proportions of, 298 

Spigot and faucet joints, 248 

Splicing wire rope, 134 

Stamp battery, 187 

framework for, 183 

— mills, 179 
Stamps, feeders, 190 

— framing, 183 

— mortars and screens, 180 

— order of drop, 184 

— duty of, 185 

— pneumatic, 193 

— selection of site, 1 79 

— spring, 193 

— steam, 192 
Station pumps, 100 
Steam, 8 

— heat losses in, 9 

— motors, 10 

— whistle, dimensions of, 303 
Steam pipes, capacity of, 245 

— condensation in, 9, 244 
Steel, treatment of, 170 

— weight of bars per foot, 294 
Stokers, mechanical, 70 



TABLE of air compressors, 151 
— of air mains, 1 54 

— of air supply to rock drills, 154 

— of ball mills, 197 

— of blowers, 271 

— of belting, 221 

— of centrifugal pumps, 1 17 

— of chimneys, 68 

— of Cornish and Lancashire boilers, 

57. 

— of diamond drills and derricks, 178 

— of donkey pumps, 117, 119 

— of engines of various types, fuel con- 

sumption, 70 

— of Evans's •'straight -line" sinking 

pumps. III 

— of fans and blowers, 271 

— of fuel consumption, 70 

— of gases, composition and calorific 

value, 24 

— of galvanised iron, 255 

— of mclines, 141 

— of multitubular boilers, 6 1 

— of Pelton wheels, 21 

— of pipe threads, 242 

— of power transmitted by wire ropes, 

222 

— of ram pumps, 104 

— of Riedfer pumps, 103 

— of rock drills, 160 

— - of rock breakers, 192 

— of roof dimensions, 257 

— of ropes, wire, 132 

— of ropes, hemp and manilla, 261 

— of stamp screens, 182 

— of station pumps, 104 

— of steam pipes, capacity of, 245 

— of steam, temperature at various pres- 

sures, 8 

— of steel drilling derricks, 178 

— of Sullivan diamond drills, 178 

— of tube mills, 198 

— of turbines, 17 

— of underground hoists, 123 

— of vertical boilers, 52 

— of water, flow over weirs, 13 

— of water, flow through pipes, 246 

— of wheels for screw-cutting, 297 

— of wire ropes, 132 
Tackle, arrangements of, 263 
Tailings pumps, 1 16 
Tangye pumps, 108 
Telpherage, 239 

Timber, weight and strength of, 296 
Tram lines, laying, 229 

— rails, 230 

— sleepers, 228 

Transmission of power, examples, 224 
Trucks, 233 
Tube mills, 197 
Turbines, 15 

— arrangement of, 17 



3o8 



INDEX. 



Turbines, table of, 17 
— Jonval, setting of, 16 
Turntables, 232 



VALVE setting, 44 
— defects in, 83 
Vanners, 204 
Volt, 26 
Vortex turbines, 18 



WATER, delivery of, in pipes, 293 
— discbarge of, 296 

— ditches and flumes, 14 

— flow over weirs, 1 3 
through pipes, 246 

— gauging, 12 



Water, horse-power, 13 

— supply for diamond drills, 175 
for air cooling, 151 

for stamp mills, 189 

Water-power, details for estimates, 274 
Wheels for screw-cutting, 297 
Whistle, steam, dimensions of, 303 
White metal, relining bearings with, 2cx> 
Whitewash, 259 
Winches, 262 
Winding engines, 120 

setting out, 125 

arrangement of, 128 

for deep mines, 130 

— and pumping engines, 124 
Wire ropes, 131 

Wootl fuel, 71 

Wood- working tools, 267 

Workshops, 266 
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HOLMAN BROTHERS 

LIMITED, 
ROO K DRILL SPECIAL ISTS . 

PaUatHi ud Sole Maker* of TlIB HOLMAN ROCK DRILL. AIm Malun of 

Air Compressors, Pomping and Windii^ Engines, Stamp Batteries. 



THB ■■HOLMAN" ROCK DRILL WITH PATENT ARRAY. 
NOTE.— HOLHAN BROTHERS' ROCK DRFLLS, COMPRESSORS, BOILERS, anil V 
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AIRDBILL," LONDC 



CAMBORNE, CORNWALL. 



ADVERTISEMENTS. 



STANLEY'S MINING THEODOLITE. 



This Theixlolite is ■ most useful loim for all undeigcound work. It is buiU very low 
and Ihe telescope transits. The verlical axis is maile hollow, so that any angle lo about to" 
may be read direclly below the vertical. Thia will be roun<l very userul in transferring lines 
underground fruin the surface, by sighting down a shaft, and also for plumbing. The hollow 
centre is supported upon a sliding tilling, so that it may be di^^placed I| inches aliout the 
centre of the tripod .ind clamped to Its |)osition. 

Co* Wort 

H63. s-ioch Horizootftl Circle, in Gun-MetAl, with Framed 

Stuul ...-.- Piice, £3B Archduke 

H64. If with the HoruODtkl Axis Illtimiiuted, Lunp, 

Duteonal Ere-piece, Stridinc Bubble, &c. • Price, £SB Archdeacon 

PRtCB LIST POST FREE. 



W. F. STANLEY & CO. Ltd., 

Sale Rooms— 286 HIGH HOLBORN. 

Correspondence to-S GREAT TURNSTILE, HOLBORN, LONDON, W.C. 

mtman—" TUHNSTILB, " LOffOON. Ttltphoat—ISS Holinra. 



ADVERTISEMENTS. iii 



"H Grand Journal." 

'* An interesting fact in connection with The Mining Journal is that with the year 1905 
it enters upon the third score and ten years of its existence, having been established in the year 
1835. While three score years and ten may be the span of lifie allotted to man — his period of 
usefulness drawing at that age to a close— it is not so with The Mining JoumaL Time has 
wTitten no wrinkle upon its brow : stronger, brighter, better than ever, and of great good to 
mining men all over the world." — Los Angeles Mining Review, 
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RKII.3ll£nV AND 007llT7U\:eROmL. GHZETTB, 

46 Queen Victoria Street, E.G. 

Telephone: Central 4411. Telegrams: **TutworK, London." 



THE OLDEST MINING PAPER AND PIONEER OF THE TECHNICAL 

AND TRADE PRESS OF THE WORLD. 



Circalat§M mil over tbe World, amongst Mlnera, MetMllurglatM, 
Bttglaeers, Mauutactarera, CapltallMtM, and lavcMtorg. 

Published every Saturday - - price 6d. 

SUBSCRIPTIONS— Inland, II. 4t. per annum. Abroad, II. 8t. per annum, 

payable In advance. 



PBINTED MATTER FOB AUSTRALIA AND SOUTH AFRICA. 



Owing to the import duty being demanded from addressees of all printed matter and 
catalogues for advertising purposes entering 

AUSTRALIA* AND SOUTH AFRICA,t 

such printed matter sent through the post is seldom received, as importers naturally refuse to 
pay the amount demanded, however small ; thus a considerable lo<is is entailed by the 
senders, both in the amount paid out for postage and also in the cost of production of the 
printed matter. 

THIS IS OF VITAL IMPORTANCE TO BRITISH MANUFACTURERS. 

The best way of overcoming the difficulty is to advertise in ^bC /ISitlitld S'OUttlftl, 
which has the widest and most influential circulation in both Australia and South Africa of 
any British mining and metallurgical paper. 

* 3d. per lb. t 35 7. or 3d. per lb., whichever shall be greater. 



ADVERTISEMENTS. 



WATER POWER. 



DOUBLE VORTEX TURBINE, 450 H.P. 

TURBINES for MINING PURPOSES 

01 VORTEX, KENDAL, LUNEDALE, TRENT, 

GIRARD, and other types, 

with HorizonUI and Vertical Shafts. 



PELTON WHEELS FOR HIGH FALL5. 



Write for Paaiphlef " On the Development ot Water Power " to 

GILBERT GILKES & CO. Ltd., 

KEINDAI., E:N0I.AIII>. 
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COCHRAN BOILERS 



SECTION OF 

Standard Cochran Patent Vertical 
multitubular boiler. 



COCHRAN & CO. (ANNAN) Ltd., 

ANNAN, SCOTLAND. 
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MINING MACHINERY 

Grizzleys, Stone Breakers, Tpommels, Sorting 
Tables, Ore Feeders, 

STAMP BATTERIES 

(Shoes and Dies of Special Krupp Steel). 



Amalgamating Tables, Hydraulic Classifiers, Con- 
centrating Tables (Ferraris and other SyBtems), Rolls, 

KRUPP BALL MILLS, TUBE MILLS. 
Clean-up Plant, Amalgam Presses, Amalgam Dis- 
tilling and Gold Smelting Furnaces, Retorts, &c. 
Leaching Plant. 

COMPLETE ORE DRESSING PLANT. 

Large Testing Station for Ore Treatment at the Works. 

FRIED. KRUPP A.-G. GRUSONWERK 

Magdeburg- Buckau (Germany). 

Repnientatlre foe Great Britain and Ireland: 

—. 8TAMM, tS Collmi HNI, LONDON, E.a 
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Joseph Evans & Sons, 

WOLVERHAMPTON, ENOLAND. 

T'" PUMPS AND PUMPING MACHINERY 

FOR EVERY PURPOSE. 

We make a SPECIALITY of SINKING PUMPS, also PUMPS for 
GOLD AND OTHER MINES. 

OUR PUMPS are In use all over the WORLD. 



Bvani' DDplei PuBp. "Cumbli" Paniw for Belt DHiiBt. 

WKITB POK "OOLD MINING" CATALOQVB. 



Vin ADVERTISEMENTS. 

WALKER BROTHERS (Wigan) Ltd., 

ENGINEERS, WIGAN. 

Telagrams: "Pagefleld, Wigan." Telephone: No. 14. 

Codes: ABC, 4th and 6th; Llebep'B; Morelng and Neil Mining Code; 

Al. Western Union; " Unlveraal Mining." 



Patent Air Compressors 

OF WHICH INSTAUATIOHS ARE NOW AT WORK IH AU 

PARTS OF THE WORLD, INOICATING IH THE AaOREGATE 

OVE3R 33S,000 HORSE-POWESR. 



The Inspector of Machinery for the Krugersdorp District, when reporting to 
Mr Henry Birchenough, the special ComtnissLoner appointed by the Board of 
Trade to inquire into Itritish Trade Prospects in South Africa, writes : — 

"AIR-COMPRESSORS.— I believe the modern type of Walker (English) 
Compressor to be beyond compare the best, when h^edom from stoppage, 
small maintenance charffes, long life, are all reckoned In." 

^^^^^^_^^^^^^ See page 142 of Blue-Book. 

VENTILATING, WINDING, HAULING, and other Descriptions 
of Mining Machinery* 



Stathwess' Hall Coost, LohdoMi E.C. 



Crosby Lock wood & Son's 

CATALOGUE OF 

SCIENTIFIC TECHNICAL 



AND 



INDUSTRIAL BOOKS 



MBOHANIOAL ENQINEBRINQ . 1 

OIVIL ENOINEERINO .... 11 

MARINE ENQINEERINQ. «o. . 20 

MINING A METALLURGY . . 28 

COLLIERY WORKING. Ao. . . 26 

BLEOTRIOITY 28 

AROHITECTURE A BUILDING . 81 

SANITATION A WATER SUPPLY 88 

CARPENTRY A TIMBER ... 87 



DECORATIVE ARTS 88 

NATURAL SCIENCE 41 

CHEMICAL MANUFACTURES . 42 

INDUSTRIAL ARTS .... 44 

COMMERCE. TABLES. Ao. . . SO 

AGRICULTURE A GARDENING. 62 

AUCTIONEERING. VALUING. Ao. 67 

MATHEMATICS A ARITHMETIC 69 

LAW A MISCELLANEOUS . . 62 



MECHANICAL ENGINEERING, ETC. 



THE MECHANICAL HANDLINQ OP MATERIAL. 

A Treatise on the HandUng of Material such as Coal, Ore, Timber, &c., 

by Automatic or Semi*Automatic Machinery, together with the Various 

Accessories used in the Manipulation of such Plant, and Dealing fully with 

the Handling, Storing, and Warehoumng of Grain. By G. F. Zimubr, 

A.M.Inst.CE. 538 pages Royal 8vo, cloth, with 550 Illustrations (including 

Folding Plates) specially prepared for the Work . . iV// 26/0 

" The author has spared no pains to make his work truly representative of all that has been 

done in this line from the earliest aays up to and including installations of the latest type and most 

recent date. It is an essentially practical work written by a practical roan, who is not only 

thoroughly acquainted with his subject theoretically, but who also has the knowledge that can 

only be obtained by actual experience in working and planning installations for the mechanical 

handling of raw material. It is a work that everyone who is really interested in the economic<U 

side of ttie question should study."— TAf Timts. 

H0I5TINQ MACHINERY. 

An Elementary Treatise on. Including the Elements of Crane Construction 
and Descriptions of the Various Types of Cranes in Use. By Joseph 
Horner, A.M.I.M.E., Author of " Pattern- Making," and other Works. 
Crown Bvo, with 915 Illustrations, including Folding Plates, cloth. Net 7/6 
" We commend this excellent book to all who make use o< hoists and cranes. Mr. Homer 

has had a long and varied experience in the work of crane building, and is properly qualified to 

impart useful and reliable information to othen."~7'A« Builder. 

AERIAL OR WIRE-ROPE TRAMWAY5. 

Their Construction and Management. BvA.J.WALJ.is-TAYLBX,A.M.Inst.C.E. 

With 81 Illustrations. Crown 8vo, doth 7/6 

" An exceUcnt volume, and a venr good espositkm of the varloas systems of rope transmlscion 
and gives as well not a little valuable infonnation about their worldng, repair, and manage- 
We can safely recommend It as a useful general treatise on the lublect. "—^Nf-tiMvr. 

MODERN MILLING MACHINES. 

Their Design, Construction, and Working. A Handbook for Practical Men 
and Engineering Students. By Josbi'H Horner, A.M.I Mech.E., Author of 
" Pattern Making," &c. With a6g Illustrations. Medium 8vo, cloth 

[Jtist Pu6iisfud. Net 12/6 
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CROSBY LOCK WOOD «• SON*S CATALOGUE. 



MODERN MACHINE 5H0P TOOLS. 

A Practical Treatise descrilung in everv detail the Coastructtoiif Operation 
and Manipulation of both Hand and^ Machine Tools ; being a wotIc of Practical 
Instruction in all Classes of Machine Shop Practice, including Chapters on 
Filing, Fitting and Scraping Surfaces ; on Drills, Reamers, Taps and Dies ; 
the I^the and its Tools ; Planers, Shapers and their Tools ; Milling Machines 
and Cutters; Gear Cutters and Gear Cutting; Drilling Machines auid Drill 
Work; Grinding Machines and their Work; Hardening and Tempering, 
Gearing, Belting, and Transmission Machinery; Useful Data and Tables. 
By William H. Van Dskvoort, M.E. Fourth Edition. Illustrated by 673 
Engravings. Medium 8vo, cloth J^ti 2 I/O 

TOOLS FOR ENGINEERS AND WOODWORKERS. 

A Practical Treatise including Modem Instrumenu of Measurement. By 

iosEPH Horner, A.M. Inst. M.E., Author of "Pattern Making," &c. 
lemy 8vo, with 456 Illustrations. IJiut FmbUtksd. Q/Q nrt. 

" As an all-round practical work on tools it is more (oraprehensive than any with which we 
are acauainted. and we have no doubt it will meet with the lar|;;e measure of succe» to which its 
merits mlly entitle it^-^Afeckanuai H'orid. 

SUM&iARY OF Contents :— Introduction.— General Survey of Tools.— Tool 
Ancles.— SEC. I. Chisel Group.— chiseis and Appltbd Forms for Woodworkers. 
—Planes.— Hand Chisels and Applied Forms for Metal Working.— Chisel-like 
Tools FOR Metal Turning. PLANING, &c.— shearing Action and shearing Toous.— 
SEC. II. Examples of Scraping Tools.— sec. Ill Tools— Relating to Chisels a.nd 
Scrapes.— SAWS.— Files.— MILLING Cutters.- Boring Tools for wood and Metal. 
—Taps and Dies,— Sec. IV. Percussive and Moulding Tools.— Punches. Hammers 
AND Caulking tools.— Moulding and Modelling Tools.— Miscellaneous T<x>i.s. 
—Sec. v. Hardening. Tempering, Grinding and sharpening.— Sec. vi. Tools 
for measurement and Test.— Standards of measurement.— squares, surface 
Plates, Levels, Bevels, Protractors. &c.— surface Gauges or Scribing Blocks. 
—Compasses AND DIVIDERS.— Calipers, Vernier Calipers, and Related Forms.— 
—Micrometer Calipers.— Depth Gauges and Rod Gaugf^.— Snap Cylindrical and 
Limit Gauges.— screw thread, wire and Reference Gauges.— indicators, etc. 

ENGINEERS' TURNING IN PRINCIPLE & PRACTICE. 

A Handbook for Working Engineers, Technical Students, and Amateurs. 
By Joseph Horner, A.M.I. Mech.E., Author of "Pattern Making," &c. 
Large Cr. 8vo, cloth, with 488 Illustrations. [Just Published. Net g/Q 

Summary of Contents :— Introduction.— Relations of turnery and Machine 
SHOP.— Sec. I. The Lathe. Its Work, and Tools.— Forms and Functions of Tools 
Remarks on Turning in General,— shc. II. Turning Between Centkus.— centring 
AND Driving.— Use of Steadies. —Examples of turning Involving Limng-out 
for Centres.— Mandrel work.— Sec. Ill, work Supported at one End.- Face 
Plate Turning.— Angle Plate Turning.— Independent Jaw chucks.— Concentric. 
Universal, Toggle, and applied chucks.— Skc. IV. Internal work.— Drilling, 
Boring, and allied operations.— sec. v. screw cuttings and Turret Work. 
—Sec. VI Miscellaneous. — Special Work. — Measurement. Grinding. —Tool 
Holders- Speed and feeds, Tool steels.— steel Makers* Instructions. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK. 

For Machine and Boiler Coostmction. In Two Pans. Part I. Gknbbal 
Bnginbbking Data. Part II. Boilbr CoMsntticnoN. With 51 Plates ana 
numerous Illustrations. By Nblson Folbt, M.I.N. A. Second Editioa, 
Revised throuKhout and much Enlarged. Folio, half>bound . yitt £3 3a« 

PART I.— MBASURBS.— ClKCUMFBRBNCES AND ARBA5 atC..— SQUARES. CUBBS. 
FOURTH POWBRS.— SQUARE AND CUBB ROOTS — SURFACB OP TUBBS.— RBCIPROCALS.— 

XjOGARrrHMS. — mensuration.— Sfbcific Gravitibs and Weights.— Work amd 

POWBR. — HEAT.- COMBUSTION. — EXPANSION AND CONTRACTION. — EXPANSION OF 

Gases.— STEAM.— STATIC forces.— gravitation AND ATTRACTION.- Motion and 

COMPUTATION OP RESULTING FORCES.— ACCUMULATED WORK.— CENTRE AND RADIUS 
OP GYRATION.— MOMENT OP INERTIA.— CBNTRB OP OSCILLATION.— ELBCTRICTTY.— 
STRENGTH OP MATERIALS.— ELASTICITY.— TEST SHEETS OP METALS.— FRICTION.— 
TRANSMISSION OP POWER.- FLOW OP LIQUIDS.— FLOW OP GASES.— AIR PUMPS, SURFACB 

Condensers, &c.— Speed op stbamships.— Propbllbrs.— Cuttinc Tools.— Flangss. 

—COPPER SHEETS AND TUBBS —SCREWS. NUTS, BOLT HEADS, ftc— VARIOUS RBCIPBS 
AMD MISCELLANEOUS MATTER.— WITH DIAGRAMS FOR VALVB-GBAR, BBLTWG AND 
ROPES, DISCHARCB AND SUCTION PiPBS. SCREW PROPBLLBRS. A2«D COPPER PiPBS. | 

PART II.— TREATING OP POWER OP BOILERS.- USBPUL RATIOS.— NOTBS OM 
CONSTRUCTION. — CYLINDRICAL BOILER SHELLS. — CIRCULAR FURNACES. — FLAT > 

PLATES.— STAYS. — GIRDERS.— SCREWS. — HYDRAULIC TBSTS. — RfVBTING. — BOILBR 
SETTING. CHIMNEYS, AND MOUNTINGS.- FUELS, dn:.- EXAMPLES OP BOILERS AND SPBBDS 

OP STEAMSHIPS.- Nominal and Normal horse Power.— With DIAGRAMS for all 
BOILBR Calculations and Drawings op many Varibtibs op boilbrs. , 



••I 



' Mr. Folojr is wdl fitted to compile nch • work. The diacrans are a great teentfe of the 
wortc It may be stated that Mr. Fowjr has prodaced a volume which will widoubtedly fiilu the 
derive of the author and become tedlspeoMbb to all mechanical tag\Dietn."—Maritu EngiMttr. 

" We have careliiDT examined this work, and pronounce It a moat excellent retavsnce book 
for the use of marine engineers."— ygwywo/ t/Amtriemm Soeiaty t/Ntntal Enrutter*. 



MBCHANICAL BNGISBBRING, S<. 



" Th« author traata every subject from the point of view of one who haa collected worldhop 
ootaa for appllcatloo In wockahop practice, rather than from the theoretical or literary aspect. The 
vohune contains a great deal of that kind of Information which is gained only by practical experience, 
and Is seldom written in books."— rA« Bnfimetr. 

" The volume Is an exceedingly useful one, brimful with engineer's notes, memoranda, and 
rules and well worthy of being on every merhanical engineer's booSnMU.''—Miekmn4emt IftrUl. 

STEAM BOILER CONSTRUCTION. 

A Practical Handbook for EngLneers, Boiler*Makers, and Steam Ufers. 
CoQtaining a large Collection of Roles and Data relating to Recent Practice 
in the D^gn, Construction, and Working of all Kinds of Stationary, Loco* 
motive, and Marine Steam-Boilers. By Waltbb S. Hutton, Civil and 
Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c With upwards of 500 lUustratioos. 
Fourth Edition, carefully Revised, and Enlarged. Medium 8vo, over 680 pages, 

cloth, strongly bottnd 1 8/0 

B^' This Wokk is i$tH$d 4m eontmuoHon of th§ StrUt of Hamdbookt written 

2f th§ AiUhor,viM. :— "The Works' Managbk's Handbook " and *' Thb Pbactical 
nginbbr's Handbook," which at* so highly appnciatsd by §Hgim»n for the 
practical nature of their information ; and m eoneeiquenUy written in the iAme style 
as those works. 



" One of the best. If not the best, books on bofleia that has ever been pttbHsbed. Thelnfor* 
madon is of the right kind, in a simple snd a^«ssible form. So fiw as generatloa is ooooamed, this 
la, undoubtedly, the standard book on steam pn£ticA.'-~SUeirtaU lUviem. 

'* Every detail, both in boiler design and management, is clearly laid beCoie the leader. The 
volume shows that boQer construction has been reduced to the condttlon of one of the nuMt exact 
sciences; and such a book is of the utmost value to the /fo A jrtrfrFngineet and Works Msnager." 

" There has long been room for a modem handbook on steam boilers ; there Is not that voon 
now, because Mr. Hutton has filled it. It is a thoroughly practical book lor thoae v^ are occupied 
in the construction, design, selection, or use of boOera."— gfy ^i wo r. 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Josbpr G. Hobkbb, 

A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, doch 7/6 

" This work Is characterised by that evidence of close acquaintance with workshop methods 

whkh win render the book exceedingly acceptable to the practical hand. We have no hesitation 

In commending the work as a serviceable and practical bandbook on a subject which has not 

hitherto received much attention Irom those qualified to deal with It in a sadmctory manner."— 

A TREATI5E ON 5TEAM BOILERS. 

Their Strength, Construction, and Ecoooniical Working. By R. Wilson, CE. 

Fifth Edition, xsmo, doth 6/0 

**The best tieatiae that has ever been published on steam boilers."— AfviiMur. 

BOILER AND FACTORY CHIMNEY5. 

Their Dranght-Power and Stability. With a chapter on Lightnletg Condncton. 
By RoBBRT Wilson, A.I.CE., Author of " A Treatise on Steam Boilers," ftc 
Crown 8vo, cloth 8/0 

'* A vahiable contribution to the literature of scienrifir building."— Tke Buitdtr, 

BOILERMAKER'S ASSISTANT. 

In Drawing, Templating, and Calculating Boiler Work, &c. By J. 
Courtney, Practical Boilermaker. Edited by D. K. Clark, C.E. Sevenm 

Edition. Crown 8vo, cloth 2/0 

" With very great care we have gone through the * BoUennaker' Assistant and have to say 
that it has our own unquaMfieU approvaL Scarcely a point has been omitted."— /W«»Mit 

EH£iM€€r. 

A a 



THE WORKS' MANAQER'5 HANDBOOK. 

Comprising Modem Rules. Tables, and Data. For Engineers, Millwrights, 

and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron and 

Brass Founders, &c By W. S. Hutton, Qvil and Mechanical Engineer, 1 

Author of "The Practical En^neer's Handbook." Sixth Edition, careftiUy 

Revised, and Enlarged. Medium 8vo, strongly bound . 16/0 

B^^ The Anthor havie^ compiled Rules and Data for his own use in a great 

fHsriety of modem engineering work^ and having found hss notes extremely useful, 

decided to publish them — revised to date— believing that a practical work, suited to 

the DAILY RBQDIRBMBNTS OF UODBRN BNGINBBS8, WOUld be faVOUnMf fIfCffVMl. 



CROSBY LOCKWOOD «• SOITS CATALOGUE. 



BOILERMAKER'S READY RECKONER. 

With Examples of Practical Geometry and Tem^^tiDg for the Use of 
Platen, Smiths, and Riveters. By John Couktmky. edited by D. K. Clark 
M.Inst.C.E. Crown 8vo, cloth 4^ 

**A mott nicful voric No workaiaD or j^tpreotioe sfaould be witboat iL"— /rvn Trmde 
Cirenlmr. 

BOILERMAKER'S READY RECKONER & ASSISTANT. 



With Examples of Practical Geometry and Templating, ibr the Use of Platers, 
Sniiths, and Riveters. By Joint CoinrTMST, Bdtted by D. K. Clamjl. 
ILInsLCS. Fifth Edition, 480 pp., with 140 IQnstradoos. Fcap. 8vo, half- 

bomxi 7/0 

*«* Tkit Work consists or the two previous msntumtd volumus^ ** Boilxrmakbk's 
Assistant," and ** Boilbkm aker's Rbady Rrckombr,'* bound together in 
One Volume. 
*• No wMknnn or appraotfoa dMold be withoat tbb book.' 



STEAM BOILERS. 

Their Constniction and Management. By R. Armstrong, C.E. Illustrated. 

Crown 8vo, cloth 1/6 

** A nuM of information suitable for he^DoeaJ'—Dtsisn mud IVork. 



THE PRACTICAL ENGINEER'S HANDBOOK. 

Comprisinc a Treatise oo Modem Bnginrt and Boilers, Marine, Luoomotive, 
and Stationary. And confining a large collection of Rules and Practical 
Data relating to Recent Practice in Designing and Constmcting all kinds of 
Engines, Boilers, and other Engineering work. The whole consdttiting a com- 
prehoisive Key to the Board of Trade and other Examinations for Certificates 
of Competency in Modem Mechanical Engineering. By Wajltbr S. Huttom, 
ivil and Mechanical Engineer, Author oT*' The Works' Manager's Handbook 



Civil , 

for Engioeers," &c. With upwards of 4*0 Illustrations. Sixth Edidoo, 

Revised and Enlarged. Medium Svo, nearly 560 pp., strongly bound. 1 8/0 
B^ This Work is designed as a companion to the Author's "Works' 
Manacbk's Handbook." It possesses many new and original features, and con- 
tains, like its predecessor^ a quantity 0/ matter not originally inten de d for p u b lic ation 
but collected by the Author for his own uuinthe construction of a great uurigfy of 
MoDXRN Enginbbring Work. 

The information is given in a c ondensed and concise form, and is illustrated by 
upwards of 400 Engravings ; and comprises a quantity of ta bu late d matter of great 
value to aU engaged in desiffiting, constructing, or estimating for Ehginks, Boilsrs, 
wii^OTHBR Enginbbring WORK. 

•*W« have k^it It at hand for aevotal weds, refentaiff to It aa occadon aiOM, and we hava not 
OB a itacle occaikMi coMuhed its pagt^ wRbouC finding the faifocmatioo of which we were In qneat." 

" "A thonucbly good ptactica handbook, which no anglnear can go through withovt toaming 
bg thatwul be of service 10 him.''— IfortM Sngiauer. 
An excellent boolc of reference for enginean, and a valuaUo tast-book ot imdantt of 



andneeffing. " — Scetrman . 

*' Thu valuable manual embodies the raaults and OKpe il en ce of the laadfaig authocRlaa 



■nrhanlr^l engineering." —^«»/rfm/ A* ^ , . ^ _. . ^ 

"The author has collected together a surpriring quandty of iniea and practical data, and tua 

shown much judginent in the selections he has made. . . . There is no doubt that this book to 

one of the most useful of its kind published, and will be a very popular compendtuoL* —Sn^tuer 
" A p**— of infomubon set down in simple language, and in such a iorm that it can be easily 

referred to at any time. The matter is uniformly good and well chosen, and U greatly ehicidatiMl 

hy the Illustrations. The book will find its way on to most engineets' shelves, wltera it wtll rank as 

one of the most useful books of reie«ence.'WW«^«/£»V««»^j^ 

" Full of uaeAil information, and should be found on the office abeif of all psactlcal ergineerk.* 

~-Eni'Ush M«chmnic. 

TEXT-BOOK ON THE 5TEAM ENGINE. 

With a Supplement on Gas Enginks and Part II. on Hbat Engikbs. Ky 
T. M. GooDBVB, M.A., Banrister-ai-Law, Professor of Mechanics at the Royal 
College of Science, London ; Author of " The Principles of Mechanics," " "rhe 
Elements of Mechanism," &c Fourteenth £diti(m. Crown Svo, doib . 6/0 
' "Professor Goodeve has given us a treatise on the steam engine, which wtQ bear comparmis 

with anythtiv written by Huxley or MaxweU. and we can award It no higher pniae."— ^ivbimw* . 

•' Mr. Goodeve's text-book is a woric of which every young engineer should possess himself. 
—MimMg y»umaL 



MECHANICAL BNGlNBBRiNG, «<. 



A HANDBOOK ON THE STEAM ENGINE. 

With — pecial Refemioe to Small aod Mediam-tind Kncinas. For tho Uw of 
Engiiw Makers, Mechanical Draochtsmen, Engineering Stndenta, and naen 
of Steam Power. By Hbkman Hacdbr, C.K. Translated from the German 
with additions and aiteratioos. by H. H. P. Powucs, A.M.I.CE. M.I.M.K. 
Third Edition, Revised. With nearly i.ioo Illustrations. Crown 8vo 

cloth Net 7/6 

** A perfect encydocMBdia of the tteem analne and Iti details, and one which mint take a per* 
manent niece fai Engluh anwtec-oacet and wonuhopa."— 4(f ^g nr m aw Pmmm muktr, 

" Thb Is an excaOeat book, and should be in the hands of all who are intetested in th« coo. 
Btnaolon and daaign o( medliun-siced stationary eng^ine*. ... A carafiil study of Its caot«Dt« and 
the aitangemant of the sections leads to the conclusion that ttaera is probaUy no other book like It 
in ttala ooonny. The volume alma at showing the l esu l u of practical ezpenence. and k cenalnhr 
■My claim a comp l e t e achievement ol this idea."— .AAMwrr. 

"There can be no ouestion as to iu value. We cordially commend it to all conoeraed in the 
design and construction ui the steam engine."— AfierA^wiira/ tVarld. 

THE PORTABLE ENGINE. 

A Practical Maxma) on its Construction and Management. For the use 

of Owners and Users of Steam Engines generally. By William Dyson 

WANtBROUGH. Crown 8vo, cloth 3/6 

" This Is a work of value to those who use steam machinery. . . . Should be read by eveiy 
who baa a steam engine, on a fimn or eisawhere. "—^arA Lmm* Sm^rtst. 



THE STEAM ENGINE, 

A Treatise on the Mathematical Theory of, with Rules and Examples for 

Practical Men. By. T. Baker, C.E. Crown 8vo, cloth . .1/6 

" Teems with scientific infonnation with reference to the steam-engine."— ZV^/a'" ^**^ WorA. 

THE STEAM ENGINE. 

For the use of Beginners. By Dr. Lardnkr. Crown 8vo, cloth . 1 /6 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
Michael Reynolds, M.S.E. Twelfth Edition. Crown 8vo, cloth, 3'6 ; 
cloth boards 4 Q 

" We can confidently recommend the book, not only to the practical driver, but to everyone 
who takes an interest in the performance of locomotive engines."— 7'A/ Jint, uutr. 

THE LOCOMOTIVE ENGINE. 

The Autobiography of an Old Locomotive Engine. By Robbbt WKATHm* 
BOKM, M.Lm.E.. With lUostratioos and Ponxaiu of Gborgs and Robkxt 
Stbphbnson. Crown 6to, cloth. Ntt 2/6 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise oo the Gradual Improvements made in Railway Engines 

between 1803 and 1903 liy Cljimsnt K. Stkbtton, C.E. Sixth Edition, 

Revised and fCniar^na. Cruwn dvo, cloch Utt 4/6 

" Studenu 01 riulway nututy ^iid all wou are lnta>w.c»d In the evotutloa of tiM modem 
locoooave will nnd niu«.n to «ttr*.f itmi «mwnain w cbik vtnuiiMt."- Tha Tbwwi. 

THE MODEL LOCOMOTIVE ENGINEER, 

l*'iremiin, and Engine* Boy. Comprising a Historical Notice at the IMoneer 

Locomotive Engines and their Inventors. By Michabl Rbvnolds. Second 

Edition, with Revised Appendix. Crown 8vo, cloth, 3/6 ; cloth boards. 4/6 

" We ibouU be glad to lee this tiook In t*te rnwoMlnn of eveiyone in the UngOom who bai 

ever laid, or i» to lay, hands on a locomotive eogtae.*'->A>*M. 

LOCOMOTIVE ENGINES. 

A Rudimentary Treatise on. By G. D. Dbmpsby, C.E. With large 
Additions treating of the Modem Locomotive, by D. K. Clark, M.Inst.C.E. 

With Illustrations. Crown 8vo, cloth 3/0 

" A model of what an elementary technical book should \x^'*—Acadtmy. 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 
their Construction and Performance. By M. Rbynolz>s. Bvo, dotb 9/0 



" A popular explanation of the dlffennt bnkes. It will be of gieet avIaCBnu* m fonning 
pttbHe opintoo, and will be Kudlad with benefit by those who take an Intafatt la the bcyw -^Bm^iuh 
JUtekmnte, 



CROSBY LOCKWOOD 4- SON'S CATALOGUE. 



ENOINE-DRIVINO LIFE. 

Scarring Advcntnres and laddnts in tbe Lives of L ooo m otiTe Engine- 
Driven. By MiCHAKL Rbtmoldc Third Edi t ion. Crown 8vo, doth . 1/6 

** From fint to iMt psffnctly ftsdnaiiBC. WOkte Coflfais's 
thnnni Into Ibc itods by eras 



And rracticai juwcator tor luiginemen, oouer AttenoantSf and necnanacs. 
By MiCMABL RjcvMOLDS. With 45 IllnttratioQS and nnmeroos Diagrams. 
Fifth Edition. Royal xBmo, strongly boond for pocket wear 3/6 



•ngfaie- 
TJitM 



** A moat nwritofious work. glMng in a snodnct and pract ka l fdnn all the htfannathm aa 
'mmdar rlawrcHii of mactcriDc tba scientific prindpteB of im daily caOins would vaqoiie.''— 
MiUer. 
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STATIONARY ENGINE DRIVING. I 

A Practical Manual for Engineers in Charge of Stationary Engines. By 
Michael Revnolds, M.S.E. Seventh Edition. Crown 8vo, CK>th, 3/6; 
cloth boards 4/6 

" The author is thoroughly acquainted with his subjects, and has produced a manual iriiich is 
an exceedin^fly useful one for the class for whom it is spcciall)- intendeo." — hngin^ring. 

THE CARE AND MANAGEMENT OF STATIONARY 
ENGINES. 

A Practical Handbook for Men-in-charge. By C. HoasT. Crown 8n>. Nsf l/Q 

THE ENOINEMAN'5 POCKET COMPANION, 

And Practical Edwcator for Enginemen, Boiler Attendants, and M< 



I THE SAFE USE OF STEAM. 

I Containing Rnles forUnproJessional Steam Users. ByanEncncBXi. Eighth 
Edition. Sewed 6o. 

** If stMm-iisen would but leam tfaii llttia book by iMBit. boOav espliMloas would bocoHM 
wnttant br tkair n^^r—RngUth Mttkmmie. 

STEAM AND MACHINERY MANAGEMENT. 

A Guide to the Arrangement and Economical Management of Machinenr, 
with Hints on Construction and Selection. By M.PowisBale, M.Inst.M.E. 

Crown 8vo, cloth 2/6 

" Gives the results of wide experience."— Z./4?yrf"j AV»i/a/*r. 

GAS-ENGINES AND PRODUCER-GAS PLANTS. 

A Treatise setting forth the Principles of Gas Engines and Producer Design, 

the Selection and Installation of an Engine, Conditions of Perfect Operation, { 
Producer-Gas Engines and their Possibilities, the Care of Gas Engines and 

Producer-Gas Plants, with a Chapter on V^olatile Hydrocarbon and Oil | 

Engines. By R. E. Mathot, M.E. Translated from the French. With a i 
Preface by Dugald Clerk, M.Inst.C.E., F.C.S. * Medium 8vo, cloth, 
310 pages, with about 150 Illustrations. [7««< Published. Net 1 2/0 

" Any work on these sulijects which bears the h.ill-mark of Mr. Dufrnld Clerk's approval is ' 

I sure to receive careful attctition, but there can be litde doubt aWut the welcome that will be i 

I accorded to Mr. Mathot's book for its own sake. Mr. Clerk remarks : ' I know of no work which ' 

I has gone so fully into the details of gas engine installation and up-kecp.' The author deals not ■ 

only with the construction of the gas-cn^^ne, but albo with all the details of its installation and the > 

conditions essential to satisfactory working."— y^wrwa/ q/ Gas LtX'/:tiug. I 

GAS AND OIL ENGINE MANAGEMENT. 

I A Practical Guide for Users and Attendants being Notes on Selection, Con- 

' struction, and Management. By M. Powis Bale, M.Inst.C.E., M.I.Mech.£. 

' Author of " Woodworking Machinery," &c. Crown 8vo, cloth . Ntt 3/6 

THE GAS-ENGINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By E. W. 
Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 

Net 8/6 

ON GAS ENGINES. 

With Appendix describing a Recent Engine with Tnbe Igniter. By T. M. 
GooDKVK, M.A. Crown 8vo, cloth 2/6 

" Like all >Tr. Goodere'i writings, the present li no exception In point of g«n«nl 

is a valuable httle r<Aiuom."—'M*ckanumJ t^orld. 



MBCBANICAL BNGtNBBRING, *t. 7 

THE ENOINEER'S YEARBOOK FOR 1906. 

CoBprloBf FurmalB, Rolo, Tablx, Duu ud Hanunnds in CMI, Mtdmical, 
KlKctrvsl, MniiK UKl Mini Ei«{i>wiii|. By H. R. Kuan, U-IutCE., 
PrinciiKl Suff Engines. Koiiiwa'iD'Clucf'i Office. Goenl Pui Offica, 
'—■ '— •— 'Ki af_"A HmdboiA of Elcccrial Twiing," "TIk El«axal 
"imruioiu, ipadiUi EaRmTal 
IJiut PaMili4d. aiO 



illlM nt. •Hi IkM Bqi )iMI]r ba iJdfir k."'. 

THE MECHANICAL ENQINEER'S POCKET-BOOK. 

' Coapriwic TkUa, FcrmiilB, KbIci, ud Dui : A Hmdr Baafc gf l Ufami ca 
or DuIt Vm ID KnEiDHrini Pncdc*. B* D. Kihhbai Ci.utic, H.luLC.E., 
"' ■ - ^ . - - i . . - J H. H. P. Fowui, 







PRACTICAL IttECHANlCS' WORKSHOP COMPANION. 

ConprinnE ■etcbi wictritf Uk inoit oicfnl RnLemndFomnlvinUachiiiicrL 
Socnce, witb muaeroai TablB of Pnainl D>u ud CllcnlUld RcBilIi (i r 
Fudliuiiof UechnDkiLl Opendont. Bt Wiluah TsHFLEraH, AnLboc iT 
" The Kngines'i PncticaJ AihuuI," &c, Ac Ki|^l«nlh Ed!uiD. ReriHC, 
UodcniKd, uid coeuidciablr Ealuicd by W. S. Huttoh, CS., Anlboi if 
"The Wocki' Muwcer't Hudbook, Ac Fcip. Ivo, dsiIt 3™ PP-. wilD 
t Plaint ud npnrdi ol >gs Diicruu, InlhEr SIO 

■■ to tUa ttUaboS-— JMiUMf Al 




CROSBY LOCKWOOD «- SON'S CATALOGUE. 



BNQINEER'5 AND MILLWRIGHTS ASSISTANT. 

A Collection of Useful Tables, Rules, aiwt Data. By Wiluam Tbmplbtcn. 

Eignth EditioQ, with Additions. i8mo, cloth 2/0 

Ktocupim • famnon piac* utiung book* of thte kind. A mora laltibia ptrnmat co an 



appraotioe to any ai the mocbaiiical tradoi cooki not poHtblT be madeu'— ^wt/dhiy Arms, 

......... ,j^, - . - 



'A dTredly popunr •nriL It ibould he ki tb* 'diawor of ovoiy nMChamc"— <A«M>«wa 
Mtciianic 

TABLES AND MEMORANDA FOR ENGINEERS, ' 

MECHANICS, ARCHITBCTS, BUILDBRS, Ac. 

Selected and Arranged b^ Fkancis Smith. Seventh Edition, Renaed, including 
Klbctiucal Tables, Fokmula, and Mbmokanda. Wamcoat-pocket siae, 
limp leather 1/6 

** It trottkl, perhaps, be as dlfficutt to make a «uall iMiclnt-book aalectloB otf ooca 
I so suit AIX coginaeri ai tt would be to make a univanal medlctaie; bot Mt. &mMi'« 



Docket raUectton may be kwked upon as a fuccaisnil attempt. '—Bngutt t r, 

if M - - 



" Tbe belt example we have evor aaoo of ero paces of usefbl oiatter pecked tato tbe 
of a card-case. -—Buiiding Ntms. •* A ventable pocket tieasttiy of knowbidire." 



THE MECHANICAL ENGINEER'S COMPANION. 

Of Areas, Circumferences, Decimal Equivalents, in inches and leet. millimeues. 

aoares, cubo, roots, &c ; Strength of Bolts, Weight of IroOj. && ; Waives, 
easures, and other Data. Also Practical Rules for Engine Proportions. By 
R. EowAKOft. M.lnsi.U.lL Fcap. 8vo, cloth 3/S 

* A very eselul little vohime. It cootilBk many caniaa, clsisHJed dma and m em o janda 
gener«lhr oaenil to encfaieen."— Am^mmvt. 

" What it professes to be, 'a h «ndy office companion.' {^ving in a succinct fonn a variety of 
tnfennatlon Ukely to be required by mechanical engineers in their everyday ofhce work."— A'e/wne. 

MECHANICAL ENGINEERING TERMS 

(Lockwood's Dictionary o(). Embracing those current in the Drawing Otboe, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c Com- 
prising upwards of 6,000 Definitions, bdited by J. G. Hoknbr, A.M.I.M.E. 
Third Edition, Revised, with Addition^ Crown 8vo, cloth . . iWir/ 7/6 
"Just tbe son of bandy dictionary roqulied Dy tito various trades eagased In mechanical no- 

cineerfttg. Tbe practical eogteeeiing pupil will find the book of great value m Us studies, and 

roraman ensrineer and mechanic should havo a com." —Budldttv Ainu, 



engineer and mechanic should havo a copv. "—B uitdt m^ . 

POCKET GLOSSARY OF TECHNICAL TERMS. 

English-French, French-English; with Tables suitable for the Architectutal, 

Engineering, Manufacturing, and Nautical Professions. Bj John Jambs 

Flktcher. Fourth Kdition. too pp. Waistcoat-pocket sise, limp leather 1 /6 

" It la a vory great arfiTuitage lur readers and corronpua d enta m Franca and kuagiand to nave 

so large a^tmber of the worcu reuiing to englneermg and manufisctures cc^lected is a UBpatlaa 

lul boil 



Tbe little book will be umiuI both to studentk and tnvaUon."^^rc*sSKt. 
' The glossary of terms ik very comni^t*. anH fn«tiv of the TaUaa are new and well arranged. 
'■'e envtiMllv coiwni^nd rh^ »w,fc " — a echanica . H 'or id 

IRON AND STEEL. 

A Work for the Forge Foundry, Factory, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers: 
Managers of Bar. Rail, Plate, and Sheet Rolling Mills; Iron and Metal 

! Founders; Iron Ship and Bridge Builders; Mechanical. Mining, and Con- 

sulting Engineers ; Architectt, Omtractors, Builders, && By Chaklbs Hoaxb, 

I Authorof "The Slide Rule." &c Ninth Edition. )emo. leather . B/Q 

WORKMAN'S MANUAL OF ENGINEERING DRAWING. 

By John Maxton, Instructor in Engineering Drawing, Royal Naval 
College, Greenwich. Eighth Edition. 300 Plates and Diagrams. Crown 8vo, 

cloth 3/6 

" A cojiy of it should b« kept for reference in every drawing office."— ^«A'i««r^«ir. 

PATTERN MAKING. 

Embracing tne Mwn Types of Engineering Construction, and including 

Gearing, Engine Work, bbeaves and Pulleys, Pipes and Columns, Screws, 

Machine Paru, Pumps and Cocks, the Moulding of Patterns in Loam and 

Greensand, Weight of Castings, &:. By J. G. Hornxr, A.M.I.M.E. Third 

Edition. Enlarged. With 486 Illustrations. Crown 8vo, cloth. . l^«t 7/6 

** A well- written technical guide, evidently wittten t>y a man who understands and has ptec- 

tlsed waat he has written about. . . . We cordially recommend It to englneerfaig students, fomg 

journfymen, and others desirous of beutg inltlaced into the mysteries of pettem-oaklng.''— AMfikfrr. 

" An esculent imtu trueum for tbe appienttca wbo dariraB to become master of Us trada,** 

^■Bngtuh Mttkanu. 
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SMITHY AND FORGE. 

Including the Farrier'^ Art and Coach Smithing. By W. J. B. Crane. 

Crown 8vo, cloth 2/6 

" Th« first modem Enelish book on the subject. Grent pains have been bestowed by the 
author upon the book ; shoemg^smiths will find It both useful and interesting."— ^Ni7i/«r. 

TOOTHED QEARINQ. 

A Practical Handbook for Ofiices and Workshops. By J. HoBinm, A.M. I. M. E. 

Second Editioo, vith a new Chapter on Recent Practice. Wiik 184 lUnstra- 

tiooSi Crown 8vo, doch 6/0 

"We gfrre the book o«f unquaBfled ptabe iwr to ihowiigtinMi ol twarniaDt. and racoaunend 
It to an tote f eat a d as the moat practical book oa tba tublact yac ynlia»mL.''^iUskMtUml IVorid. 

MODERN WORKSHOP PRACTICE, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Dredging Machines, Bridges, Shipbuilding, &c. By J. G. Winton. Fourth 
Edition, Illustrated. Crown 8vo, cloth 3/6 

" Whether for the apprentice determined to master his profession, or for the artisan bent 
upon raising himself to a higher position, \\\\i clearly -written jmd practical treatise wOl be a great 
hel p. " — Scotsman, 

DETAILS OP MACHINERY. 

Comprising Instructions for the Execution of various Works in Iron in the 
Fitting Shop. Foundry, and Boiler Yard. By Francis Campin, C.E. 

Crown 8vo, cloth 3/0 

"A sound and practical handbook for all ei^[aged in the engineering trades."— ^niAifn^ 

BNQINBERINO ESTIMATES. COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Enginea and 
Steam Boilers; and a Section on the Preparation of Cosu Accounts. By 
A Gbkbkal Manager. Second Edition. 8 vo, cloth 12/0 

**Tlila Is an aaceDant and vacy naaftil book, oov«teg lubjact-natiar la oonstaBt ma u l iH iuo la 
•vecT factory and worlobop. . . . The book Is Invaluabla. not only to the young anginaa*. but 
also to the aatfanata depaitment of avary worta. "-^Wlrffr. 

" We aocoid the wofk uaquattfied pfaiae. The hrfonnaHo o la gHan ki a plain, mrigtuiorward 
manner, and boan thiougtuNit avidance ol torn Intlmata practleal acquattaaoca of the anthot with 
every phase of conmaRial enipn aertng. "— 4f uritawrfna/ M^trtd. 



MECHANICAL ENGINEERING. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
&c. By Francis Campin, C.E. Third Edition. Crown 8vo, cloth 2/6 
" A sound and serviceable text-book, quite up to dAte."—£MiU/iH£ News. 

LATHE-WORK. 

A Practical Treatise on tiie Tools, Appliances, and Processes employed in 
the Art of Turning. By Paul N. Hasluck. Eighth Edition. Crown 8vo, 
cloth 6/0 

'* Written by a man who knows not only bow wofk oujaht to be done, but who also knows liow 
to do It, and bow BO convey bla knowledge to otlMfa. Toautunantbkbook w«wldbevaillabie."— 
" Wa can Mfaly leconunand the wofk to young anglnoan. To tlia aBaataoff It will ataply be 
invahiabla. To the atndant It will convey a giaat daalof naaftil T ' . - - - 



SCREW-THREADS, 

And Methods of Producing Them. With nnmeroas Tables and complete 

Directions for using ScreW'Cutting Lathes. By Paul N. Hasluck, Author 

of "Lathe. Work, "ftc Sixth Edition. Wautcoat-pocket siae .1/6 

" PuB of nsaful information, hints and piactlcal cimdam. xapa, diaa, and s ci ewln g tooia 

gMataBy ate U lust r a t ad and their action described."— Jf«rA««tfas/ W*rUL. 

** It Is a complete compendium of all the details of the scf«w<vtting lathe f In tact, a mulfum 
in pmrm on all the subjects tt treats upon."— c*«»2^m«rr mmd BwUdtr, 



CONDENSED MECHANICS. 

A SclectioD of Formula. Roles. Tables, and Dau for the Use of Engineering 
Stodents, ftc. By W. G. C. Hughbs, A.M.I.CE. Crown 8vo, cloth . 2/6 
'* The book Is wen llcted for those who are panailng for eaamlnatlan and wlih to ranaak 
their knowledge by going through tbek fotmute agatn.'*— JtfaWMf Enginttr. 
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MECHANICS OF AIR MACHINERY. 

By Dr. J. Wbisbach and Prof. G. Hbrrmann. Authorued Translation 
with an Appendix on American Practice by A. Trowbridgb, Ph.B., Adjunct 
Professor of Mechanical Engineering, Columbia University. Royal 8vo, doth; 

i/tui Published. Net 1 8/0 

PRACTICAL MECHANISM, , 

And Machine Tools. By T. Baker, C.E. With Remarks on Tools^and ' 

Machinery by J. Nasmyth, C.E. Crown 8vo, cloth .... |2/6 

MECHANICS. 

Being a concise Exposition of the General Principles of Mechanical Science 

and tneir Applications. By C. Toulinson. F.R.S. Crown 8vo, cloth 1 /6 < 

FUELS: SOLID, LIQUID, AND QASEOUS. 

Their Analysis and Valuation. For the use of Chemists and Engineers. By l 

H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the I 

Great Eastern Railway. Fourtn Edition. Crown 8vo, cloth . 2/0 I 

" Ought to have its place in the laboratory of eveiy metaUurgical cstablishnieat. and wber> 
ever fuel is used on a larf^e scale." — CKentical News. j 

FUEL, ITS COMBUSTION AND ECONOMY. ' 

Consisting of an Abridgment of '* A Treatise on the Combustion of Coal 

and the Prevention of Smolce.'* By C. W. Williams, A.Inst.C.E. With 

extensive Additions by D. Kimnbar Clark, M.Inst.C.E. Fourth Edition. 

Crown 8vo, cloth 3/Q | 

" Students should buy the book and read it, as one of the most complete and sattsfacttMj 
treatises on the combustion and economy of fuel to be had."— ifM^'fwrr. 

STEAM AND THE STEAM ENGINE, 

Stationary and Portable. Being an Extension of the Treatise on the 
Steam Engine of Mr. J. Srwell. By D. K. Clark, C.E. Fourth Edition. 

Crown 8vo, cloth 3/8 { 

" Every essential part of the subject is treated of competently, and In a popular style. "—/roM. 

PUMPS AND PUMPING. 



A Handbook for Pomp Users. Being Notes oo Selecdoo, Coostractioii, and 

Mwwgement. By M. Pown Balb, M.Inst.CE., M.I.Mcch.E. Poarth 

Edition. Crown 8vo, cloth 8/6 

**TbeBUHter liMCfofth ■■ condMlyMpaMlbUi. In fact, eoadanntlao rnthar tliaa dUhi»> 
the autlwr's aim thraugtwiit ; yat he doM not Mem tp hare "*'*Wir* aafthfeac MMf to 



be of VML"—y«umal ^ Gas LttkHng, 

** Thoroughly practical and clearly writtan."— ^^Atx^vw NerrnU. 

REFRIGERATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise oa the Art and Science of Refrigeration. Bv A. J. 
Wallis-Taylkr, a. M.Inst.CE., Author of " Refrigerating and Ice*Makins 
Machinery." 6oo pp., with 360 Illustrations. Medium 8vo, cloth. Net lfi/0 

*' The author has to be coni^ratulated on the completion and production of such an impor> 
tant worlc and it cannot fail to have a larg^e body of readers, for it leaves out nothing that would in 
any way be of value to those interested in the subject." — SUatHsMt/. 

" No one whose duty it is to handle the maromoch preserving Insrallationa of theta lattar days 
can aflbrd to be without this valuable book." — Gias^am HtraUU 

THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKINO. 

By A. J. Wallis-Tavlbk, A.M.Inst.C.E. Author of " Reirigerating and Ice- 
malcing Machinery," &c. Third Edition, Enlarged. Crown 8vo, cloth Net 3/6 

REFRIGERATING & ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Uae of Persons Employing Refrigerating 
and Ice-Malcing Installations, and others. By A. J. Waixis-iavlbk, 
A.M. Inst. C.E. Third Edition, Enlarged. Crown 8vo, doth . . 7/6 

"Practical, explicit, and profusely illustrated."— ^/^^mv Htrmtd. 

" We recommend the book, wnicn gives the cost of various s ys t em s and flfaistndoas sbowlai 
details of peru of macninery and general arrangements of complete mstaUatkms.''— <^w^^!i^. 

" May be recommended as a useful description of the machinery, the p t o cesi es, and of tbm 
fact^ figtures, and tabulated physics of refagerating. "^Eng tnm r. 
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BLAST FURNACE t:ALCULATIONS AND TABLES FOR 

FURNACE MANAQERS AND BNQINEBRS. 

Containing Rules and Formula for Finding the Dimensions and Output 
Capacity of any Furnace, as well as the regular Out6t of Stoves, Heating 
Surface, Volume of Air, Tuyere Area, &c., per ton of Iron per day of 24 
kours. By John L. Stevenson. F'cap. 8vo. 

[Nearly teady. Price eUfout 5/0 Net. 

MOTOR VEHICLES FOR BUSINESS PURPOSES. 

A Practical Handbook for those interested in the Transport of Passengers 
and Goods. By A. J . Wallis-Taylbr, A.M. Inst. C.£. With 134 Illustra- 
tions. Demy 8vo, cloth. {Just Publishtd. Net 9/0 

MOTOR CARS OR POWER-CARRIAGES FOR COMMON 

ROAD5. 

By A. J. Wallis-Tatlbs, A.M.Injt.C.E. aia pp., with 76 Illoitrations. 

Crown 8vo, doth 4/6 

"A work that an enctoeer thinking of turning his attention to niotor<afilag« work, woaU 
do wall to nad as a praiimtnaiy to itarttng operationa. "—-SmgimMt imf . 

ATRIAL NAVIGATION. 

A Practical Handbook on the Construction of Dirinble Balloons, ASrostata, 
Aeroplanes, and ASromotors. By Frxdekick Walxbr, C.E., Associate 
Memoer of the Aeronautic Institute. With 104 Illostrations. Large Crown 
8vo, cloth Tfet 7/6 

STONE-WORKING MACHINERY. 

A Manual dealing with the Rapid and Economical Conversion of Stone. With 

Hints on the Arrangement and Management of Stone Works. By M. Powis 

Bale, Af.Inst.C.E., M.I.Mech.E. Second Edition, enlarged. Crown Bvn. 

doch 9/0 

** Tbe book ihould bo in the bands of evarjr mason or atadont of stonework. "—CoZ/wo* 
Guardian. 

PIRE5, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Onstmction. Use, and Management. 
Hinu 00 Fire'Brigadea, &c. By C. F. T. Yoong, CLE. 8vo, doCh, iSI 4s. 

CRANES, 

The Construction of, and other Machinery for Raising Heavy Bodies for the 
Erection of Buildings, &c. By J. Glynn, F.R.S. • Crown 8vo, cloth 1 /6 



CIVIL ENGINEERING, SURVEYING, ETC. 



PIONEER IRRIGATION. 

A Manual of Information for Farmers in the Colonies. By E. O. Mawson, 
M.Inst.C.E., Executive Engineer. Public Works Department, Bombay. With 
Additional Chapters on Light Railways by £. R. Calthrop, M.Inst.C.E., 
M.I.M.E. Illustrated by Numerous Plates and Diagrams. Demy 8 vo, cloth # 

jVtt 10/6 
Summary of Conthnts :— Valub op irrigation, and sources of Water 
SUPPLY.— Dams and weirs.— Canals.— Underground Water.— Methods of Irri. 
G.vTiON.— Sewage Irrigation.— Imperial Automatic Sluice Gates.— The Culti- 
vation OF irrigated crops. Vegetables, and Fruit Trees.- Light Railways 
FOR Heavy Traffic- Useful Memoranda and Data. 

THE RECLAMATION OF LAND FROM TIDAL WATERS 

A Handbook for Engineers, Landed Proprietors, and others interested in Works 
of Reclamation. By A. Bsazslby, M.lnu.C.E. 8vo, doth. Ifet 10/6 

** The book shows In ■ conciM way wbat has to bo done in raclalming land firom tho Ma, and 
the bMt way of doing it. Tba work eontalni a great deal of practical and useful Infonnatfcm wlilch 
caaaoc fUlto be of wrrlce to angtnoen ancnutad with the endoaura of aalt eiatihea, and to land* 
ownen intanding to radalm land from the na."— rA« Bngvutr. 
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THB WATER SUPPLY OP TOWNS AND THE CON- 
STRUCTION OP WATER-WORKS. 

I A Practical TreatiM for the Uw of Engineen and Stnd«nti of EngiiMeriiis. 

Bt W. K. BuitTON, A.M.Inat.CE., Coosalting Engineer to the Tokyo 

i Water-works. Second Edition. Revised and ExtoMed. With nomerous 

I Plates and lUnstrations. Snper-royal 8vo, backram. • . • • 20/0 

I. INTRODUCTOIIV. — II. DlPFBRBNT QUAUTIBS OP WaTBR. — III. QUAKXTTY OP 

[ WATBR TO BB PROVIOBO.— IV. ON ASCBBTAmiNC WHBTHBB A PBOPOSBO SOUBCB OP 

SUPPLY IS SUPPICIBNT. — V. ON ESTIMATING THB STORACB CAPACITY BBOUIRBD 

TO BB PROVIOBD.— VI. CLASSIPICATION OP WATBR-WORKS.— VII. IMPOUNDING RBisBR- 

votRS.— VIII. Earthwork Dams.— IX. Masonry Dams.— X. thb puripication op 

Watbr XI. Sbttunc rbsbrvoirs.— XII. Sand Filtration.— xill. purification 

OP Watbr by Action op Iron, soptbning op Watbr by action op Limb, Natural 
Filtration.— XIV. sbrvics or Clban Watbr Rbsbrvoirs— Watbr Towbrs-stand 

PIPBS.— XV> THB CONNBCTION OP SBTTUNG RBSBRVOIRS, FiLTBR BROS AND SBRVICB 

rbsbrvoirs.— XVI. pumping Machinbry.— XVII. FLOW OP Watbr in Conduits— 

PiPBS AND OPBN CHANNBLS.— XVIII. DISTRIBUTION SYSTBMS.— XIX SPBCIAL PRO- 
VISIONS POR THB EXTINCTION OP FiRB.— XX. PiPBS POR WaTBR-WORJCS.— XXL PRB- 
VBNTION OP WASTB OP WaTBR.— XXII. VARIOUS APPUANCBS USBO IN CONNBCTION 
WITH \^ATBR-WOR]CS. 

APPBNDIX L By PROP. JOHN MILNE, F.R.S.— CONSIDBRATIONS CONCBRNING THB 
PBOBABLB EPPBCTS op EaRTHQUAKBS on WaTBR-WORXS, and THB SPBCIAL PRB- 
CAUTIONS TO BB TAKBN IN EaRTHQUAKB COUNTRIBS. 

APPBNDIX IL B7 JOHN DE RZJKE. CS.-ON SAND DUNBS AND DUNB SAMD AS 

' A SouRCB OP Watbr supply. 

{ "The chapter upon filtnitloB of water Is very complete, and the detaOs of conitructloa w«0 

I illttitnted. . . . Ine work ihoukl be specially valuaole to dvil eogineev* engaged in work is 

\ Japan, but the intefest is by no means confined to that k>caUty."— iVMifVNMr. 

1 " We congratulate the author upon the practical common—nse shown tai the pieperatkm of 

this work. . . . The platei and aiagiams have avidantly bean pteparad with gieat 

cannot fall to be of greet assistance to the student."— i7a(tf/^iir. 



THE WATER SUPPLY OF CITIES AND TOWNS. 

By WiLUAM HoMBBB, A.M.lnsi. C.&., and M.Inst.M.i:.., Author of "Cast 
sad Wroa|([bt Iron Bridse ConscructioQ," &c, &c Illnstnued with 50 Double 
Plates, I Single Plate, Coloured Frontispiece, and upwards of S50 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 

half-bound in morocco Ifet iS6 6a. 

List op Contents :~i. hist> >rical Skbtch op somb op tnb ufLMts that havb 

8BBN AUOPTBO PUR THB SUPPLY OP WaTBR TO CiTIBS AND TOWNS.— II. WaTBR AND 
THB FORBIGN MATTBB USUALLY ASSOCIATBD WfTH IT.— 111. RAINPALL AND EVAPORA- 
TION.— IV. SPRINGS AND THB WATBR-BBARINC FORMATIONS OP VARIOUS DISTRICTS. 
—V. MBASURBMBNT AND ESTIMATION OP THB FLOW OP WATBR.— VI. ON THB SBLBCTION 
OP THB SOURCB OP SUPPLY.— VII. WBLI.S.— VIII. RBSBRVOIRS.— IX. THB PURIPICATION 

OP Watbr.— X. pumps.— xi. pumping Machinbry.— XII. Conduits.— xill. Distribu- 
tion op Watbr.— XI v. MBTBRS. SBRVICB PiPBS, AND HOUSB FITTINGS.- XV. THB LAW 
AND ECONOMY OP WaTBR-WORKS.— XVI. CONSTANT AND INTBRMITTBNT SUPPLY.— 
XVII. DBSCRIPTION of PLATBS.— APPBNDICBS, GfVING TABLBS OP RATBS OP SUPPLY, 

Vbxx>citibs, Ac., Sec, togbthbr with Spbcipications op sbvbral works illus- 

TRATBD, AMONG WHICH WILL BB POUND: ABBROBBN, BiDBPORD, CANTBBBUBY. 
DUNDBB, HAUPAX. LAMBETH, ROTHBRHAM. DUBLIN, AND OTHBRS. 

" The most systematic and valuable work upon water supply hlthofto produced in Bngllih, or 
in any other languaga. Mr. Humber's work is ciiaiactarised almost throughout by an 
exbaustiTeneas mucn mora distinctive o( Franch and German than of Fnglish tochnlcal tveettses." 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water* 
works for small Country Districts. By Allan Grbbnwbll, A.M.Inst.CK., 
and W. T. Curry, A.M.Inst.C.£., F.G.S. With Illustrations. Second Edition, 

Revised. Crown 8vo, cloth 6/0 

" We conacfentlously teconuneod It as a very useful book for those concerned In obtaining 
forsmail districts, giTlng a great deal of tyactical information in a small compass. "—Buildtr. 



** The volume contains valuabia information upon all matters ooonocted with water supply 
. . . It is ftill of details on points which ai« continually before w ate r-work s engtaeess.**— AISaAtm. 

WATER ENOINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Uttli»a' 

tioD of Water for the Supply of Towns, for Mill Power, and for other Purpoaek 

ByCHARLBsSLAGG,A.M.lnst.C.E. Second Edition. Crown 8 vo, cloth . 7/6 

" As a small practical tieatlae on the water supply of towns, and on some appBcathms of < 
power, the worit is In many r espe c t s esceilenL"— ifn^iMMn'nf^. 



CIVIL BNGINSBRIHG, SURVBYING. S*, 
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WATER WORKS, FOR THE SUPPLY OP CITIE5 AND 

TOWN5. 

With a Description of the Principal Geolosicftl Formationa of England as 

influencing Supplies of Water. By Samubl Hughbs. Crown 8vo, cloth 4/0 

" Everyone who la debatbuf how hii village, town, or dty ihall be plentifully supplied with 
pure water should read this book."— AVwcaxCfe Ccurant. 

POWER OF WATER. 

As applied to drive Flour Mills, and to give motion to Turbines, and other 
Hvdrostatlc Engines. By Joseph Glynn, F.R.S., &c. New Edition. 
Illustrated. Crown 8vo, cloth 2/0 

WELLS AND WELL-SINKING. 

By J. G. Swindell, A.R.I.B.A., and G. R. Burnell, C.E. Revised 
Edition. Crown 8vo, cloth 2/0 



mended 



Solid practical information, written in a condse and lucid style. The work can be recom- 
I as a text-book for all kurveyors, architects, Scc."^/*vm attdC^al 



Tradis Revitw. 



HYDRAULIC POWER ENQINEERINQ. 

A Practical Manual oa the Concentration and Tnnaminion of Power by 
Hydraolic Machinery. By G. Ckoydon Masks, A. M. Inst. CE. Second 
Edition, Enlarged, with about 340 Illnstratioiu. 8vo, doth. 

[Just Published. Net 10/6 
Summary op contents :— Principles op hydraulics.— the plow op watbr.— 
Hydraulic PRBssuRBSb—MATBRiAU— Test Load.— Packings por Sudinc surfaces. 
—Pipe J oikts.— Controlling Valves.— platform Lifts.— workshop and foundry 
Cranes.— Warehouse and Dock crajcbs.— Hydrauuc accumulators.— presses 
FOR Baling and other purposes.— Sheet Metal Working and Forging Machinery. 
—Hydraulic Rivetbrs.- Hand and Power pumps.— Steam pumps.— Turbines.— 
IMPULSE Turbines —reaction TURBmEs.— design of turbines in detaiu— Water 
Wheels— HYDRAUuc Emcinbs.— Recent achievements.— pressure of water.— 
action of Pumps, &c 

"We have ootninff but pnlse or this thoroughly valuable wofk. The author has succeeded 
In nnderinir Us subject inteiestlnff as well as instructive."— ^nacMoe/ BngiM^tr. 

"Can be unhesitatingty leeommonded as a useflol snd ttp«>*daM mannal oa hydraulc tiaas* 
mission and utilisation of power."— Jf«o*a»^te/ fy^rU, 

HYDRAULIC MANUAL. 

Conritring of Working Tables and Sxplanatory TexL Intanded at a Guide io 
Hydraulic Calculations and Field Operations. By Lown D'A. Jacksom, 
Author of "Aid to Surrey Practice, " "Modem Metrology," ftc Fourth 

Edition, Enlarged. Large crown 8vo, cloth 1 0/O 

" The author has constructed a numual which majr be accepted •• a trustworthy gudc 
to this branch of the enchieer's pr o f es sion . "— ii wfii »M rr r» y. 

HYDRAULIC TABLES. C0-EPPIC1ENT5, ft FORMULAE. 

For Findinff the Discharge of Water from Oriiiceft, Notches, Weirt, Pipes, and 
Rivers. With New Formule, Tables, and General Information on Rain-fisll 
Catchment>Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Nbvillk, C.E., M.R.I.A. Tlurd Edition, revised, with 
additions. Numerous Illustrations. Crown 6vo, doth ... 1 4/0 
** It is, of sU English boolis on the subject, the one oMiest to romplereness "—^^ckiitti 



MA50NRY DAMS PROM INCEPTION TO COMPLETION. 

Including numerous Formulso, Forms of Spedficatioo and Tender, Podcet 
Diasram of Forces, ftc. For the use of Civil and Mining Engineers. Bv 

C. F. CoUBTNKY, M.Inst.C.E. Bvo, cloth 9/0 

" Contains s good deal of valuable data. Many useftil suggestions will be found in the 
fomarla on site and position, locatloa of dam, foundations and construction."— ^MtfMtfngr Nrmu. 

RIVER BARS. 

The Causes of their Formation, and their Treatment by " Induced Tidal 
Scour " ; with a Description of the Successful Reduction by this Method of 
the Bar at Dublin. By 1. J. Mann, Assise Eng. to the Dublin Port and Dock* 

Board. Royal 8vo, cloth 7/6 

" We leconunend all taiterested hi hart>our woria and. tod e ed, thoee coocomed In the 
improvanants of riven ganerally— to read Mr. Mann's hiterasting work."— £fv»MMr. 

DRAINAGE OP LANDS, TOWNS AND BUILDINGS. 

By G. D. Dbmpsby, C.E. Revised, with large Additions on Recent Practice 
in Drainage Engineering by D. Kinnsar Clark, M.Inst.C.E. Fourth 
Edition. Crown 8vo, cloth 4/6 
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SURVEYING A5 PRACTISED BY CIVIL ENGINEERS 

AND SURVEYORS. 

Including the Setting-out of Works for Construction and Surve3rs Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Office, intended also as a Text-book for Students. By John Whitb- 
LAW, Jun., A.M.Inst.CE., Author of " P<Mnts and Crossings." With about 

260 Illustrations. Demy 8vo, cloth N«^ 10/6 

" This work is written with admirable lucidity, and will certainly be found of distinct value 
both to students and to those engaieed in actual practice."— rA< BtnitUr. 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing; for Bxaminatioos or for Survey-work in 
the Colonies. By Gborgb W. Usill, A.M.Inst.CE. Eighth Edition, 
thoroughly Revised and Enlarged, by Alkx. Bbazbley, M.Inst.CE. 
With 4 Lithographic Plates and 360 Illustrations. Large crown 8vo, 7/6 
doth; or, on Thin Papbb, leather, gilt edges, rounded comers, for pocket use. 

12/6 

**Tlie best fonns of instruments are described as to their coastractloa, naas and modes 
of employment, and there are Innumerable liinta on work and equipment such as the author, in 
bis e x perience as sunreyoc, draughtsman and teacher, has found neoessaiy, and wliich the student 
In his mexpeiience will find most serviceable."— £N|f '"<'''• 

" The fint book which shoukl be put tai the hands of a pupil of QvO Hnginaering."— 

SURVEYING WITH THE TACHEOMETER. 

A practical Manual for the use of Civil and Military Engineers and Stirveyors, 
inauding two series of Tables medally computed lor the Reduction of 
Readings in Sexagenmal and in Centesimal Degrees. By Nbil Kbnnbdt, 
M. Inst-CE. With Diagrams and Plates. Second Edition. Demy 8vo, cloth. 

ifet 10/6 

" The work is very clearly written, and shoukl remove all difficulties In the way el any surveyor 
desirous of making use of this useful and rapid insuumont."— Mmhtv. 

LAND AND ENGINEERING SURVEYING. 

For Students and Practical Use. Bv T. Baker, C.E. Twentieth Edition, 
bv F. E. Dixox, A.M.Inst.CE. With Plates and Diagrams. Crown 8vo, 
cloth 2/0 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out; and in Route Sur> 

veys of Travellers by Land and Sea. With Tables, Illustrations, and Records 

By L. D'A. Jackson, A.M.Inst.C.E. Second Edition. 8vo, cloth . 1 2/6 

" Mr. Jackson has produced a Tahtable vmdrwtKum for the surveyor. We can ■ — "■—— *-»^ 
this book as containing an admlnble supplement to the tesrhing of the aocompUtiied sntveyoc."— 

"The author bttaict to his work a fofftnaaM anion of theory and psactleal avparteeee which, 
aided br a dear and Va/OA scyle of wiMng. fendats the book a vetv nseful oa^''~'BuiU€r. 



LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railways ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.£. Second 
Edition, Revised with Additions. Large crown 8vo, clo«h . 9/O 

" This book must prove of great value to the student. We have no hesitation In recom- 
mending It. feeling assured that It will more than repay a careful Kady."—M«ciutnieai l^^rU. 

" A most useful book for the student. We can strongly recwnmend It as a car«AiIly.wiittan 
■nd valaable text-book. It oi^oys a well-deserved repute among surveyors. "—i?MKU(r. 

ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 
use of Theodolite for Traverse Survejring and plotting the work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling with the 
Theodoute, Setting-out Curves wtth and without the Theodolite, Eurthwork 
Tables, &c. By W. Davis Haskoll, C.E. With nnmeioas Woodcuts. 
Fifih Edition, Enlarged. Crown Svo, cloth 1 2/0 

" The book Is very handy : the separate Ubles of sines and tangenu to every minute wiUmake 
it useful for many other purposes, the genuine travetse tiNes existing «I] tne same."— ^<A4N«mih 



CIVIL BNGINBBRISG. SURVEYING, &-c. fj 



AN OUTLINE OP THE METHOD OP CONDUCTING 

A TRiaONOMBTRICAL 3URVBY. 

For the Fonnatum ci Genrraphical and Topographical Mapa and Plans, Mill* 
tarr Reconnainanoe, LEVELLING, &c., with Useful Problems, FonnolaB, 
and Tables. By Lieut. -General Fkomk, R.E. Fourth Edition, Revised and 
partly Re-written by MaJor-General Sir Cmaslbs Waxekh, G.C.M.G., R.E. 
with 19 Plates and 115 Woodcuts, roytl Sto, cloth .... 1 6/0 

** No voidB of pniM from us can itiengtiMa the poiidofi so weO and to KsadDf ■■'■*"*"'"*^ 
tqr this wofk. Sir Cnarlat Wanen has raviied the •nnie work, and made nicb addmooa aa waia 
naoaanffy to bring e»«y potrioo of the cootenta up to the pieaa nt ^mam.''—M rmd At 



PRINCIPLES AND PRACTICE OP LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Tblpokd's Rules for the same. By 
Fbbdbrick W. Simms, M.InsLCE. Eighth Edition, with Law's Practical 
Examples for Setting-out Railway Curves, and Tkautwikb's Field Practice 
of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts. 
8vo 8/6 

** The text-book on levalUnc in most of our anglneerhig schools and ooHaces."— AfvAtMr. 
"The pubUshefS have lenderad a lubatantial service to the proteikui. aapedalljr to the 
laetbew. by bringing out the pieaent editkm of Mr. Stoant's useful woA.' ~ 



TABLES OP TANGENTIAL ANGLES AND MULTIPLES. 

For Setting-out Curves from 5 to aoo Radius. By A. Bbazxlst, M.IuslCE. 
7th Edition, Revised. With an Appendix on the use of the Tables for 
Measuring up Curves. Printed on 50 Cards, and sold in a cloth box, waistcoat- 
pocket sise • 8/0 

Eachtabto Is printed 00 asmall card, which, placed on the theodolite, leavaa the hands fraa 



to manlpolate the Instrutnam— 00 small advantage as regards the rapidity of work."— ^MiriMcrr 

" Very bandy : a num may know that all his day's work must Cdl on two of these 
he pots Into his own canl<aae. and leaves the rest bahfakd." 



PIONEER ENGINEERING. 

A treatise on the Engineering Operations connected with the Settlement of 
Waste Lands In New Countries. By E. Dobson, M.Inst.C.E. Second 
Edition. Crown 8vo, cloth 4/Q 

" Mr. Dobson is familiar with the difficulties which have to be overconie in this class of work, 
and much of his advice will be valuable to young engineers proceeding to our colonies." — 

TUNNELLING. 

A Practical Treatise. By Chaklbs Pkxumi, C.E. With additions by 
Chablks S. Hill, CE. with 150 Diagrams and Illustrations. Royal 8vo. 
cloth N«t ^ 6/0 

PRACTICAL TUNNELLING. 

Explaining in detail Setting-out the Works, Shaft-sinking, and Heading-driving, 
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Tunnels. By F. W. Simms, 
M.Inst.C.E. Fourth Edition, Revised and Further Extended, including the 
most recent (1B95) Examples of Sub-aciueous and other Tunnels, bv D. Kinnkab 
Clakk, M.Inst. C.E. With 34 Folding Plates. Imperial 8vo, cloth ^2 2a. 
**The present (1896) editkm has been brought right up to data, and Is a work to widch dvfl I 

engineeri should have ready aocaes, and engfawen who hava coosmicdon work can hardly afford 1 

to be without, but which to the younger memben of the profesrion is Invaluable, as ftom Its p^pas 
they can learn the state to which the science of tunnelling has attained. "—JCetfewy NtWM, 

EARTH AND ROCK EXCAVATION. • 

A Practical Treatise, by Charles Frelini, C.E. 363 pp., with Tables, 1 

many Diagrams and Engravings. Royal 8vo, cloth. 

{Just Published, Set 1 6/0 

CONSTRUCTION OF ROADS AND STREETS. | 

By H. Law, C.E., and D. K. Clark, C.E. Sixth Edition, revised, with ' 

Additional Chapters by A. J. Wallis-Tayler, A.M.Inst.C.E. Crown 8vo, 

cloth 6/0 

" A book which ev«nr borougn surveyor and engineer must possess, and which wiU be of 
considerable service to arcnitects, builden and property ownets gautxally."— Building' Aeaw. \ 
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TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

£mbnicinf a Comprahonsive History of the Syttam; with an cxbautt^ 
AnalyMB of the Various Modes of TractioD, indudinc Uocae Pown, Staam, 
Cable TractioQ, Electric Tractioo, ftc : a DescnptioD of the Varieties of 
RoUing Stock ; and ample Details of Cost and Working RypeoseSi New 
Edition, Thoroughly Revised, and Including the Prngruss recently nude in 
Tramway Construction, ftc., Ac By D. Rimnuut Clakk, M.Inst.C.S. 

With 400 lUustratioos. Svo, 780 pp., buckram. 28/0 

Is one which will sank, aiaoac tnmwair sagtoBaw and tlMMa hitataatad In 



with the Author's 



OBiaawmr 



'^Tkg Bmgimar, 



HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents In Cubic Yards of Centre and Slopes of Cuttings and 
SmbankflMnu from 3 inches to 80 feet in Depth or Height, for use with either 
tf feet Chain or 100 feet Chain. By J. H. Watsoic Bock, M.Inst.CE. 



or 100 feet 
On a Sheet mounted in cloth 



EARTHWORK TABLES. 



8/6 



Showing the Contents in Cubic Yards of Embankments, Ctittings, ftc, of 

Heighu or Depths upto an average of 80 feet. By J06KPH BaOAOBBirr, C£., 

and rBANCis Cam pin, C.E. Crown Svo, cloth 5/0 

The waj In which aocuncj Is attaliMd. bjr a ilmpla dlTtskm of each craas saetloo Into thiea 
cwo in which aia constant and one vahable, to ingcnkms.'" 



MANUAL ON EARTHWORK. 

By Albx. J. Gkaham, C.E. With 
zSmo, cloth 



numerous 



Se c ond EdiriotL 
. . . 2/6 



THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 



B 



SyJ. H. Watson Bix:k, M.In8t.C.£., 
With Folding Plates, Bvo, cloth 12/0 



A Practical and Theoretical Essay. 
Resident Engineer, L. and N. W. R. 

" Many of the ntechods given ara of ertrame practical value to the SBason. and the observa- 
Uoos 00 the lonn of aich. the rules for orderinc the stone, and the cooanucdon of tho eampUtes, 
will be found of considerable use. We conunend the book to the englnoafing pmiaasioii-" 
BuUtUnr Ntmt. 

" win be regarded by dvil an gln ee n aa of the utmost vabie and ralrnhited to m«e sBncs 
dme and obviate many mlstakas. "^:Mitry Gumrdtmn. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the lau Gbosgb 
WATSON Buck, M.Inst.C.E. Fourth Edition, revised bv his Son, J. H. 
Watson Buck. M;Inst.C.E. ; and with the addition 01 Description to 
Diagrams for racilitating the Construction of Oblique Bridges, by W. H. 
Bamlow, M. Inst. C.E. Royal Svo, cloth 12/0 

"The standard text-book for all sng in ee rs regardlag skew aichas Is Mi. Bock^ treatise, 
«nd It would be hnposaibleto consult a better. "—Ettt inm r. 

" Mr. Buck's ueatise Is recognised as a standard tast>book. and Us lieatiasm 
tbe subject of many of the intricacies supposed to bekng to IL As a guide to the 
Mchitect, 00 a confessedly difficult subject, Mr. Bock's irork b unauipaased."— <^MtfA«v~^'!nM. 



CAST ft WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts. — Theoretical, Practical, and DescripUve. B^ William Hombbb, 
A.M.In5t.C.E., and M.InsLM.E. Third Edition, revised and much im* 
proved, with 1x5 Double Plates (ao of which now first appear in this edition, 
and numerous Additions to the Text. In s vols., imp. 4to, half-bound in 

morocco £6 1 6a. 6p. 

" a very valuable contribution to the standard tttafature of dvU engineering. In addition to 

elevations, plans, and sections, large scale details are given, which very much '■**"»«»^^ the 

instructive worth of those illustrations."— Ctvtf Bn^futr and ArthtUcti y^tmai. 

"Mr. Humberi sutely volumes, lately issued— hi which the most important bridges 

•tected during the last five yean, under the direction of the late Mr. Brunei. Sir W. Cutam, 

Mr. Hawkshaw, Mr. Page, Mr. Fowler. Mr. Hemans, and 

e tgineeis, are drawn and specified in great detail "— irfvUMssr. 
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IRON BRIDGES OP MODERATE SPAN: 

Their Construction and Erection. By H. W. Psndrso. With 40 illustra- 
tions. Crown 8vo, cloth 2/0 

" StudenU and engineers should obtain this book for constant and practical \uie.''—C«Mery 
Guardian.' 

IRON AND STEEL BRIDGES AND VIADUCTS. 

A Practical Treatise upon their Construction. For the use of Engineers, 
Draughtsmen, and Students. By Francis Campin, C.E. Crown 8vo, 
oloth 3/6 

TUBULAR AND OTHER IRON GIRDER BRIDGES, 

Describing the Britannia and Conway Tubular Bridges. With a Sketch of 
Iron Bridges, &c. By G. D. Dempssy, C.E. Crown 8vo, cloth , 2/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Roofs, Solid 
Girders, Lattitt, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. By R. Hudson Graham, CE. Containing 
DiagT<uns and Plates to Scale. With nomerons Examples, many taken from 
existing Structures. Specially arranged fmr Class-work in Colleges and 
Universities. Second Ekiition, Revised and Enlarged. 8vo, doth 1 6/0 

" Mr. Graham's book will find a placo where fo r graphic and analytic itatlca an oaad o* 
stadtod."-^iV*«M«r. 

'* Tho woik la ezoeOent from a pcactlcal poinc of view, and has evtdontljr beco prapaaed 
with much care. The dixections for working are ample, and are illustrated by an abundance of 

It Is an eaceUant test-book for the practical draughtsman." 



WEIGHTS OP WROUGHT IRON & 5TEBL GIRDERS. 

A Graphic Tahle for Facilitating the Computatioo of the Weights of Wrought 
Iron and Steel Girders, &c., for Parliamentary and other Estimates. By 
J. H. Watson Buck. M.Inat.CR. On a Sheet 2/6 

GEOMETRY FOR TECHNICAL STUDENTS. 

An Introduction to Pore and Applied Geometry and the Mensuration of 
Surfaces and Solids, including Proolems in Plane Geometry useful in Drawing- 
By £. H. Spkagub, A.M.Inst.CE. Crown 8vo, cloth. . . . iVe< 1/0 

PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic Givins Rules for the Delineation 

and Application of various Geometrical Lines, Figures, and Curves. By 

E. W. Takn, M.A., Architect. 8vo, cloth 0/0 

"No book with the same objects in view has ever been pobUshed In which the c lee ra eas of 
the rules laid down and the QlustratlTe diagrams have been so satlalBCtory." 



THE GEOMETRY OF COMPASSES. 

Or. Problems Resolved by the mere Descriptioo of Circles and the Use of 
Coloured Diagrams and Symbols. By Olivxs Btkns. Coloured Plates. 
Crown Bvo, cloth 8/6 

MENSURATION AND MEASURING. 

With the Mensuration and Levelling of Land for the purposes of Modern 
Engineering. By T. Baker, C.E. New Edition by E. Nugent, C.E. 
Crown SvA, cloth 1/6 

HANDY BOOK POR THE CALCULATION OP STRAINS 

In Girders and Similar Structures and their Strength. Consisting of Formulae 
and Corre s ponding Diagrams, with numerous details for Pracacal Applica- 
tion, &c Bj William Humbbk, A. M.Inst.C.E., &c. Sixth Edition. 
Crown Bvo, with nearly too Woodcuts and 3 Plates, cloth 7/6 

"The fonante are neatly erpiessed, and the dHagrans good."— A tktiun t m. 
" We heartily command thb vaatty Mamtfy book to our engtaear and aichltect taadan."— 
Mti£kMM Mgehanu. 

THB STRAINS ON STRUCTURES OP IRONWORK. 

With Practical Remaiks 00 Iron Construction. By F. W Shbilds, 
M.InsLCE. «vo, cloth 6/0 



x8 CROSBY LOCKWOOD S* SON*S CATALOGUE. 
CONSTRUCTIONAL IRON AND 5TEBL WORK, 

As applied to Pabllc, Private, and Domestic Balldings. By Francis 

Campin, C.E. Crown 8vo, cloth 8/6 

" This practical book may be counted a most valuable work."— ^HMiA Architeet, 

MATERIALS AND CONSTRUCTION. 

A Theoretical and Practical Treatise on the Strains, Designing* and Erection 

of Works of Construction. By Francis Campin, C.E. lliird Edition. 

Crown 8vo, cloth 3/0 

" No better exposition of the practical application of the principles of construction has yet 
l>een published to our knowledge in such a cheap comprehensive form. — BtUtding Ntws. 

EXPERIMENTS ON THE FLEXURE OF BEAM5. 

Resulting in the Discovery of New Laws of Failure by Buckling. By Albkrt 
E. Guy. Medium 8vo, cloth Uti 0/0 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Detemintng the Stresses. Breaking 
Weighu, Safe Loads, Scantlings, and Details of Coostmcdon. Witn Complete 
\ Workiog Drawings. By W. GairriTHS, Surveyor. Oblong 8vo, cloth 4/8 

"This* handy little book enten lo minutely Into every detail connected with the con* 
■trucdon of roof truna* that no student need be ignorant of these mattata."— iViactfee; Bn^tnttr. 



CONSTRUCTION OF ROOFS, OF WOOD AND IRON: 

Deduced chieflv from the Works of RobisoUt Tredgold, and Humber. By 

E. W. Tarn, M.A., Architect. Fourth Edition. Crown 8vo, cloth . 1 /6 

" Mr. Tarn is so thoroughljr master of his subject, that although the treatise was founded on 
the worics of others he has given it a distinct value of his own. It will be found valuable by all 

stuilcnis."— ^«»^Vr. 

A TREATISE ON THE STRENGTH OP MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, sc By Petbr Barlow, F.R^S. A new Edition, revised 
by his Sons, P. W. Barlow, 



CIVIL ENQINEERINQ. 

By Henry Law, M.Inst. C.E. Including a Treatise on Hydraulic Engi- 
neering by G. R. BuRNELL, M.Inst.C.E. Seventh Edition, revised, with 
Large Additions on Recent Practice by D. Kinnbar Clark, M.Inst.C.E. 

j Crown 8vo, cloth 8/6 

I " An admirable volume, which we warmly recommend to young engineer ."—Buitdtr, 

THE PROGRESS OF ENGINEERING (1863-6). 

By Wm. HuMBBR, A.M.Inst.C.E. Complete in Four Vols. Containing 148 
Double Plates, with Portraits and Copious Descriptive Letterpress. ImpL 410, 
half-morocco. Price, complete, £1 2 1 2s. ; or each Volume sold separately 
at £3 3s. per Volume. Descriptive List 0/ Contents on application, 

GAS WORKS, 

Their Construction and Arrangement, and the Manufacture and Distribution 

of Coal Gas. By S. Hughes, C.E. Ninth Edition. Revised, with 

Notices of Recent Improvements by Henry O'Connor, A.M.Inst.C.E. 

Crown 8vo, cloth 6/" 

" Will be of infinite service alike to manufacturers, distributors, aad consumers."— /^frvmarM 
Mnginttr. 



I oyuu ouns, sr. t% , oahlvw, F.R.S., and W. H. Barlow, F.R.S. ; to which , 

\ are added, Exoertmenu by Hodckikson, Fairbairn, and Kirkalot ; and ' 

\ Formuhe for caJculacins Girders, &c Edited by Wm. Humbbr, A. M.Inst.CE. , 

8 vo, 400 pp., with 19 Plates and numerous Woodcnu,cloch . . 18/0 I 

" Valuable alike to the student, tyro, and the expenenced pnctttioomt. It will always lank 

n ftitufe as It has hithefto done, as the standard treatise on that particular subject. "—ifMfrfMMr. 

EXPANSION OP STRUCTURES BY HEAT. 

I By John Kbilt, CE., late of the Indian Public Works Department. Crowi^ 

Ivo, cloth 8/6 I 

" The aim the author has sec before blm, via., to show the eilBCts of heat opon metafllc and 
other stroctures. Is a laudable one, for this b a branch of physics upon which tiie eoctnear or 
•r-hitect can find but HttlaMllabIa and eooiprahanslva data In books.' ~ " 
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PNEUMATICS, 

Inclading Acoustics and the Phenomena of Wind Currents, for the use of 
Beginners. By Charles Tomlimson, F.R.S. Crown 8vo, cloth . 1 /6 

FOUNDATIONS AND CONCRETE WORKS. 

With Practical Remarks on Footings, Planlcing, Sand, Concrete, B^ton, 
Pile-driving, Caissons, and Cofferdams. ByE. Dobson. Crown 8vo. 1/6 

BLASTING AND QUARRYING OP STONE, 

For Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. Burgoynb, K.C.B. Crown 8vo, cloth . .1/6 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De- 
scription of Modem Appliances and Systems. By Clbmknt S Stkbti on, 
"^ ^ Third EdicioQ, fiiDlarged. Crown 8vo, doth .... 3/6 



"A book for the 
nfomiaifoa oo raAwajr 
Rmihuay Raritm, 



tho dlracton, tho 



t and, la ihoct, aB who iHab for 



wfll find a pwfaet ancrclopwUB la ' Safo Rafiway Woildi«.' "— 



ENGINEERING STANDARDS COM> 
MITTEE'S PUBLICATIONS. 



The Engineering Standards Committee is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the instance 
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of 
Standardising Rolled Iron and Steel Sections. 

The Committee is supported by the Institution of Civil Engineers, the 
Institution of Mechanical Engineers, the Institution of Naval Architects, 
the Iron and Steel Institute, and the Institution of Electrical Engineers ; 
and the value and importance of its labours has been emphatically 
recognised bv His Majesty's Government, who have made a liberal grant 
from the Public Funds by way of contribution to the financial resources of 
the Committee. 

Reports already Published : — 

BRITISH STANDARD SECTIONS (9 lists). 
Ancles, Equal and Unequal. — Bulb Angles, Tbbs and Plates. — 
Z AMD T Bars.— Channels.— Beams, Net 1/0 

TRAMWAY RAILS AND FISH-PLATES: STANDARD 

5BCTIONS AND 3PBCIPICATI0N. Net 21/0 

REPORT ON THE INFLUENCE OF QAUQE LENGTH. 

By Professor W. C Unwin, F.R.S. Net 2/6 

PROPERTIES OF STANDARD BEAMS. 

{Included in No. 6.) Net 1 /O 

STANDARD LOCOMOTIVES FOR INDIAN RAIL- 
WAYS. AVMO/6 

PROPERTIES OF BRITISH STANDARD SECTIONS. 

Diagrams, Definitions, Tables, and Formulae. Net BfO 

TABLES OF COPPER CONDUCTORS AND THICK- 

Ne55l£5 OP DI-ELBCTRIC. Net 2/6 

SPECIFICATION FOR TUBULAR TRAMWAY POLES. 

J^et 5/0 

SPECIFICATION AND SECTIONS OF BULL-HEADED 

RAILWAY KAIL5. Net 10/6 

10. TABLES OF PIPE FLANGES. Net 2/6 
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Engineering Standards Committee's RKPORTs^continued. 

11. SPECIFICATION A SECTIONS OF FLAT-BOTTOMED 

RAILWAY RAILS. AV/ io/6 

12. SPECIFICATION FOR PORTLAND CEMENT. JV// 2/6 

13. SPECIFICATION FOR STRUCTURAL STEEL FOR 

SHIPBUILDINQ. Jfet 2/6 

14. SPECIFICATION FOR STRUCTURAL STEEL FOR 

MARINE BOILERS. J^tt 2/6 

16. SPECIFICATIONS AND TABLES FOR TELEGRAPH 

MATERIALS. Ntt 10/6 

17 INTERIM REPORT ON ELECTRICAL MACHINERY. 

Net 2/6 

19. REPORT ON TEMPERATURE EXPERIMENTS ON 

FIELD COILS OP ELECTRICAL MACHINES. Net S/O 

20. BRITISH STANDARD SCREW THREADS. Net 2/6 

21. BRITISH STANDARD PIPE THREADS. Net 2/6 

22. REPORT ON EFFECT OF TEMPERATURE ON 

INSULATING MATERIALS. Net 5/O 

23. STANDARDS FOR TROLLEY QROOVE AND WIRE. 

MARINE ENGINEERING, SHIPBUILDING, 

NAVIGATION. ETC. 



MARINE ENGINES AND BOILERS. 

Their Design and Construction. A Handbook for the Use of Students. 
Engineers, and Naval Constructors. Based on the Work " Berechnung ttnd 
Konstruktion der Schiffsmaschinen und Kes-sel^" by Dr. G. Bau^, Engineer- 
in-Chief of the Vulcan Shipbuilding Yard, Stettin. Translated from the Second 
German Edition by E. M. Donkin, and S. Bryan Donkin, A.M.I.CE. 
Edited by Leslie S. Robbktson, Secretary* to the Engineering Standards 
Committee, M.I.C.E., M.I.M.E., M.I.N.A., &c. With numerous Illustrations 
and Tables. Medium 8vo, cloth. [Just Pu6Usk*d, ^^h Net, 

SUMUAKY OP CONTBNTS :— PART I.— MAIN ENGINES.— DBTBRM IN ATtON OP CYLIM- 

dbr dimensions.— the utilisation op steam in the engine.— stroke op piston, 
—number op revolutions.— turning moment.— balancing of the moving parts, 
—arrangement op main engines.— details of main engines.- the cylinder.— 
Valves.- Various Kinds of Valve gear.— Piston Rods.— pistons.— Connbctimg 
Rod and Crosshead. — Valve Gear Rods.— Bed Plates. — enginb Columns,— 
Reversing AND Turning Gear, part il— pumps.— air, circulating feed, and 

AUXILIARY PUMPS. PART III.-SHAFTING. RESISTANCE OF SHIPS. PROPELLERS. 

—Thrust shaft and thrust block.— tunnel shafts and plummbr Blocks.— 
Shaft couplings.— Stern tube.— The screw propbllbr.— Construction of the 

SCREW. PART IV.— PIPES AND CONNECTIONS.— GENERAL REMARKS. FLAMCBS, 

Valves, ftc.— Undbr Watbr FrrriNGS.— Main steam, auxiliary Steam, and 

Exhaust Piping —Feed Water, Bilge. Ballast and CiRCUUiTinG Pipbs. PART V 

STEAM BOILERS.— Firing and the Generation op Steam.- cylindrical boilers. 
— Locomotive boilers. — Watbr- tube Boilers. — Small Tube watsr-Tvbb 

BOILERS.— smoke box.— FUNNBL AND BOILER LAGGING.— FORCED DRAUGHT.— BOILBR 

Fittings AND mountings. PART VI.— MEASURING INSTRUMENTS. PART VII.— 
various details.— bolts, nuts, screw threads. &c.— platforms. gratings, 
Ladders. — Found ations. — sbatings. — lubrication — Ventilation of Encimb 

ROOMS.— RULES FOR SPARE GBAR. PART VIIL— ADDITIONAL TABLES. 

"This handsome volume contains a comprehensive account of the design and coostniction o( 
modem marine en{nncs and boilers. Its ananKcment is excellent, and the numerous iUustntions 
represent recent practice for all classes of warships and vessels of the mercantile marine. His 
position as Enetneer-in-Chief of the pvax Vulcan Works at Stettin eave the author special Cadlities 
for selecting illustrations from the practice of that firm, which has built many of the swiftest tvpes 
of steamships for both war and commerce. Other German firms and the German Admiralty aave 
been mually {generous in contributinjf information, while a lanife proportion of the illustrations is 
drawn from English technical Journals and the proceedings of our engineering societies. American 
practice is also represented. The compilation has been laborious, no doubt, but it constitutes a 
Taluable book of reference and a treasury of information. The English editor and his assistants 
have done their work well, both in translation and in the conversion <m metric to English meosurH." 
—THt Timts, 



A ManoAl for Yoong Marioe Engineen and Appreodoes. By J. S. Bskwbs. 

Crown 8vo, cloth |/6 

" A useful introduction to the more elaborate text-books."— 5rW:rwM». 
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THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK 

Of Fannnl«, RnJes, and Tables, and Marine Engineer's and Snrreyor's Handy 
Book of Reference. By Cuucbnt Mackkow, M.I.N.A. Eignth Edition, 
careftilly Revised and Enlarged. Fcap., leather JVki 1 2/6 

SUMMARY OP CONTBMTS:— SIGNS AMD SYMBOLS, DBCIMAI. FAACnONS.<~TRXGO* I 

NOMBTKY.— PRACTICAL GBOMBTRY.— MBMSURATION.— CBNTRBS AND MOMBNTS OF < 
FICURBS.— MOMBNTS OF INBRTIA AND RADII GYRATION.— ALCBBRAICAL EXPRBSSIONS 

FOR SIMPSON'S RULBS.— MBCHANICAL PRINCIPLBS.— CBNTRB OF GRAVITY.— LAWS OF , 

Motion.— DispLACBMBKT. cbntrb op buoyancy.— Cbntrb of Gravity op Ship's * 

Hull.— STABILITY Curvbs and mbtacbntrbs.— sba and shallow-watbr Wavbs. 
—rolling op ships.— Propulsion and rbsistancb op vbssbls.— Spbbo Trials.— 
Sailing. Cbntrb op effort.— Distances down Rivbrs, Coast LniBa.— stbbrimg and 
RUDDERS op Vbssbls.— Launching Calculations and Vblocitibs.— wbight of 
Material and Gear.- gun Particulars and weight.— standard Gauges.— I 

RivBTED Joints and Rivbting strength and Tests op BCatbrials.- Binding 

AND shearing stresses.- Strength op shafting. Pillars, whbbls, te. — > 

HYDRAULIC Data, Ac. — Conic sections, catenarian Curves. — Mechanical 
powers, work.— Board op Trade Regulations for boilbrs and bngines.- board 
op trade Regulations for Ships.— Lxoyd's rulbs for boilbrs.— Lloyd's weight 
OF Chains.— LLOYD'S Scantlings for Ships.— Data op Bngines and Vessels.— 
SHIPS' PrmNCS and tests.— Seasoning preserving Timbbr.— Measurement of 
Timber.— alloys. Paints, Varnishes.- Data for Stowage.— admiralty Trans* 
port regulations. — rules for horsb-power, screw propellers, ac— per* i 

centages for Butt straps.— Particulars of Yachts.— masting and Rigging. 
—Distances OF forbioc ports.— Tonnage Tables.- Vocabulary op Prbnch and 
English terms.— English weights and measures.— Foreign weights and mba* \ 

suRBs.— Decimal Equivalents.— Useful Numbers.- circular measures.- arbas 

OP AND ClRCUMFERBNCBS OP CIRCLES.— AREAS OP SEGMENTS OP CIRCLES.- TABLES 

OP SQUARES AND CUBES AND ROOTS OP NUMBERS.— TABLES OP LOGARITHMS OP NUM- \ 

BERS.- Tables op Hyperbolic Logarithms.— Tables op natural sinbs, tangents, 

— Tablbs op Logarithmic Sines, Tangents. Ac j 

*'lBttieeedavaoradvanced knowledffeawofk like thblsorttaegieetertTahM. It contains i 

a vast amoom of tauoimatkiii. We unheshann^ say ttiat It Is the ommk valuable compilation for Its 
specific purpoee that has ever been printed. No naval architect, engineer, surveTor, seamsn, 
wood or mm shipbuilder, can aSbrd to be witliout tUs work.'*— A«ta<e»/>f<^f««<H<. 

" Should be used bjr all whr are angaBod fai the coostraction or deatgn of vessels. . . . Wm 
be found to contain the most oseAil tables and fotmulae required by shipbuOden, collected from the 
best aatiioritiea, and put together in a popular and sioiple form. It s of eacepttonal merit.'*— 
SHgi*utr. 

'• A pocket.book of this description must be a necessity fai the ahlpbolkflng trade. It con* I 

tains a mass of uaaAil infoimatlon clearly ospiessed and p iess nt e d in a handy form.'— Jfierter 
Enginttr. i 

WANNAN'5 MARINE ENQiNEER'5 GUIDE 

To Board of Trade Examinations for Certificates of Competency. Containing 
all Latest Qtiestions to Date, with Simple, Clear, and Correct Solntioos; 
yxa Elementary Questions witn Illustrated Answers, and Verbal Questions 
and Answers conplete Set of Drawings with Statements completed. By 
A. C. Wannan,CB., Consulting Engineer, and E. W. I. Wanman, M.i.M.E., 
Certificated First Class Marine Engineer. With mmierons Engravings. Fourth 
Edition, Enlarged. 500 pages. Large crown 8vo, doth . . Nii 1 0/6 

**The book Is dearlv and plainly written and avoids unneceaaary endanatlons and formulas, 
and we consider it a valuable book for students of marine engineering. "—AlaMMcie/ MmgrnMitu. 

WANNAN'S MARINE ENQINEER'5 POCKET-BOOK. 

Containing Latest Board of Trade Rules and Data for Marine Engineers. 

By A. C. Wannan. Third Edition, Revised, Enlarged, and Brought np to 

Date. Square iSmo. with thumb Index, leather . . . , • 0/O 

"There Is a great deal of useful taiformatlon tai this little pocket-book. It Is of the mle-of. 
thumb order, and Is, on that account, well adapted to the uses of the lea going engineer."- 
Bnginter. 

MARINE ENGINES AND STEAM VESSELS. 

By R. Murray, C.E. Eighth Edition, thoroughly Revised, with Additions 
by the Author and by Gborgb Carlisle, C.E. Crown 8vo, cloth . 4/6 
" An indispensable manual for the student of marine engineering."— JLtwy;^/ Mercury. 

ELEMENTARY MARINE ENQINEERINQ. 



22 CROSBY LOCK WOOD «- SOS*S CATALOGUE, 
CHAIN CABLES AND CHAINS. 

Comprisinff Siae« and Curves of Links, Studs, &c., Iroo for Cables and Chains, 
Chain Cable and Chain Making, Forming and Welding Linksj Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Testa, 
Charges for Testing, List of Manufutorers of Cables, &c., &c By 
Thomas W. Traill, F.E.R.N., M.Inst.C£., Bnginaer-Snrveyor-in-Chief, 
Board of Trade. Inspector of Chain Cable and Anchor Proving Establishments, 
and General Superintendent, Llo^rd's Committee on Proving Establishments. 
With numerous Tables, UluMratioas, and Lithographic Drawii^s. Folio, 

cloch . . £2 2s. 

" It cootikis • vMt amount of Talaabia tmoMnaCloo. Nnrtitar aoemi to be wanting to make i 
a complete and standard work of w rf awocw oa tli# subject."— A'aw/^a/ Magauine. 



THE SHIPBUILDING INDUSTRY OF QERMANY. 

Compiled and Edited by G. Lbhmann-Fblskowski. With Coloured Prints, 
Art Supplements, amd numerous Illustrations throughout the text. Super* 
royal 4to, cloth Ntt \ 0/6 

SHIPS AND BOATS. 

By W. Bland. With numerous Illustrations and Models. Tenth Edition. 
Crown 8vo, cloth 1/6 

SHIPS FOR OCEAN AND RIVER SERVICE, 

Principles of the Construction of . By H.A. Sommerfeldt. Crown 8vo 1 6 

AN ATLAS OF ENGRAVINGS 

To illustrate the above. Twelve large folding Plates. Royai 4to, cloth 7/6 

NAVAL ARCHITECTURE. 

An Exposition of the ElemenUry Principles. By J. Peaks. Cr. 8vo, 
cloth 3/6 

THE ART AND SCIENCE OF SAILMAKING. 

8t Samuel B. Sadlek, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthome, of Cowes and Gosport. Plates. 4to, clotb. 

12/6 

" This eztramely piactlcal wotk gives a compieta education tai all tlie btaacbes of the .tianu- 
lactture, cutting out. roping, scanilng, and goring. It is coptoasl7 iOuKiBted. and will form a fifst- 
■Bte tezt-book and guide.' —/'frCnMMM/k Tvmkx. 

SAILS AND SAIL-MAKING. 

with Draughting, and the Centre of Effort of the Sails. Weights and 
Sixes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, &c. Bv 
R. Kipping, N.A. Crown Bvo, cloth 2/6 



MASTING, MAST-MAKING, AND RIGGING OF SHIPS. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, &c., 
relative to every class ofvessels. By R. Kifping. Crown 8vo, cloth 2/0 



SEA TERMS, PHRASES, AND WORDS 

(Technical Dictionary of) used in the English and French Laneoacei 
fEnglish- French, French -English). For the Use of Seamen, Engineers, Pilots, 
Shipbuilders, Shipowners, and Ship-brokers. Compiled by W. Pixkib, late ol 
the African Steamship Company. Fcap. 8vo, cloch limp . 6/0 



This volume will be highly appreciated by seaman, anglnean, pflocs, shlpbulklen and «hip> 
It wiU be found wonderfully accuiaie and complete. '- 



SAILOR'S SEA BOOK: 

A Rudimentary Treatise on Navigation. By Jambs Greenwood, B.A, 
With numerous Woodcuts and Coloured Plates. New and Enlaraed 
Edition. By W. H. Rossbr. Crown 8vo, cloth .... 2/6 
" Is perhaps the best and simplest epitome of navigation ever compiled."— /^iW</. 
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PRACTICAL NAVIQATION. 

Consisting of the Sailor's Sea Book, by J. Greenwood and W. H. Rossrr; 

together with Mathematical and Nautical Tables for the Working of the 

Problems, by H. Law, C.E., and I^of. J. R. Young .... 7/0 

" A vast Amount ot infonnation is contained in this volume, and we fancy in a very snort 

time that it will be seen in the library of almost every ship or yacht aAoai."— Hunts Yac/Ut'ng- 

AfaxwMirie. 

NAVIQATION AND NAUTICAL ASTRONOMY, 

In Theory and Practice. By Prof. J. R. Young. Crown 8vo, cloth . 2/6 
A very complete, thoroug'h, and useful manual for the young naviiiaxot."—Odsenmiary. 

MATHEMATICAL TABLES, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 

Srefixed a Treatise on Logarithms, by H. Law, C.E. With Tables for 
(avigatlon and Nautical Astronomy. By Prof. J. R. Young. Crown 8vo, 
cloth 4/0 
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THE OIL FIELDS OP RUSSIA AND THE RUSSIAN 

PBTKOLBUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Properties, including Notes on the Origin of Petroleum in 
Russia, a Description of the Theory and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. Bbkby Thompson, A.M.LM.E., late Chief Engineer and Manager of 
the European Petroleum Company's Russian Oil Properties. About 500 pp. 
With numerous Illustrations and Photographic Plates, and a Map of the 
Balakhany-Saboontchy-Romany Oil Field. Royal 8vo, cloth. Nei £3 8b. 

MECHANICS OF AIR MACHINERY. 

By Dr. J. Wbisbach and PRor. G. Hbrrmanx. Authorized Translation 
with an Appendix on American Practice by A. Trowbridge, Ph.B., Adjunct 
Professor of Mechanical Engineering, Columbia University. Royal 8vo, doth. 

l/ust Puhluiud. Net 1 8/0 I 

Summary op Contents :— the movement of Air.— Natlral and artificial 
VENTILATION. — Blowing-Engines;— Vacuum Pumps ; Tuykkks ; Hot-air blast; 
Work PERFORMED BY Blowers ; Blast.rp^f.rvoirs ; fiston-blowers.— Compres- i 

soRS.— Rotary Blowers.— Fans.— Recent amurican practice JL-c | 

MACHINERY FOR METALLIFEROUS MINES. 

A Practical TreatiM for Mining Engtoeers, Mecallurgbts. and Managers of 
Mines. By E. Hbnry Davibs, M.R., F.G.S. 600 pp. With Folding Plates 
and other Illustrations. Medium Bvo. clorh .... Net 25/0 
" Deals exhaustiveljr with the many and complex details which |po to make up the sum total of i 

machinery and other requirements for the successful working of metalliferous mines, and as a book * 

of ready reference is of the hif^hest value to mine manairers and dSstxxtut*.^-' Mining y«urnal, 

THE DEEP LEVEL MINES OF THE RAND, 

And their Future Development, considered from the Commercial Point of View. 
By G. A. Denny (of Johannesburg). M.N.E.I.M.E., Consulting Engineer to 
the General Mining and Finance Corporation, Ltd., of London, Berlin, Paris, 
and Johannesbtu^. Fully Illustrated with Diagrams and Folding Plates. 

Royal 8vo, buckram iV»/ 26/0 

" Mr. Denny by conftninf^ himself to the consideration of the future of the deap^terel mines 
of the Rand breaks new ground, and t>y deallnff with the subject rather from a comiMrcial stand- 
point than from a scientific one, appeals to a wide circle of readers. The book cvuiot lUQ to prove 
of very great value to investors in bouth African mines."— JVfMt*^ y»umal, 

PROSPECTING FOR GOLD. 

A Handbook of Practical Information and Hints for Prospectors based on 
Personal Experience. By DaniblT. Rankin, F.R.S.G.S., M.R.A.S., formerly 
Manager of the Central African Company, and Leader of African Gold Pros- 
pecting Expeditions. With Illustrations specially Drawn and Engraved for 

the Work. Fcap. 8vo, leather Net "J IS 

" This weil-compilecl book contains a coSoctioo of the richait gems of umAiI knowledge for 

the prospector s benent. A special table is given to acc*.lerate the spoctinc at a glance of minerals 

associated with goM."— J/ifm^v y»nmal. 
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THE METALLUROY OP GOLD. 

A Practical Treadae on the M etallorgtcal Treatment of Gold-bearing Ores. 
Including the Assaving, Melti^, and Refining of Gold. By M. Eissuek, 
M.Inst. M.M. Fifth Edition, Enlarged. With over 300 lUustrataoos and 
numeroos Folding Plates. Medium Bvo, cloth .... Nti 21 /O 

"This book thowwghhr tlu — 1 l ui to title of a 'Practical Twttos.' The wliote pnoeasof Kold 
ffiinliig, from the bceakiiiff 01 the quaits to the anay of the baOlon, is described la clear and oraari]P 
oaiiaSve aad with much, but not too much, Ailness of detalL" 



THE CYANIDE PR0CE55 OP GOLD EXTRACTION, 

And its Practical Application on the Witwatenrand Gold Fields and elsewhere. 
Bt M. Eissuck, M.Inst. M.M. With Diuranu and Working Drawings. 
Thud Edition, Revised and Enlarged. Svo, cwth .... Nm 7/6 

** This book is Just what was needed to ■rniafm mining men with the acinal m«IUug of a 
process which is not onlT the most popular, but k, as a genafal rule, the moat sucosarfal for the 
exuactio o of gold from taflingi."— JftMciv 7«ttmai, 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modem Diamond Core Drills in Pro- 
meeting and Exploiting Mineral-Bearing Properties, including Particnlars of 
the Costs of Apparatus and Working. By G. A. Dknnt, M.N.E.InsLM.£., 
M.Inst. M.M. Medium 8vo, x68 pp., with Illustrative Diagrams . 12/6 

** There is certainly scope for a work on diamond drUUng, and Mr. Denajr dasarius grateful 
recogniticm for supplying a daeided want."— JMkwv y<imi«?. 

GOLD ASSAYING. 

A Practical Handbook, giving the Modus Optremdi for the Accurate Assay of 
Auriferous Ores and Bullion, and the Chemical Tests rrauired in the Processes 
of Extraction bv Amalgamation, C^nidation, and Cnlorination. With an 
Appendix of Tables and Statistics. By H. Joshua Phillips, F.I.C, F.C.S., 
Assoc.Inst.CE., Author of " Engineering Chemistry," ftc. With Numerous 
Illustrations. Large Crown 8vo, cloth Net 7/6 

FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Miners. By W. H. Mbrkitt, 
M N.E.Inst.M.E., A.R.S.M., ftc With Photographic Plates and other 
Illustrations. Fcap. 8vo, leather Ntt BfO 

"As an Instructor of piospocton' daatea Mr. Menitt haa the advantage of knowinc 
exactly the information likely to be moit Taloable to the miner in the field. The contenu cover 
all the details of sampling and testing gold and sflver ores. A useAal addltton to a prospector's 
Ut."— Afte(»V' Jpumai, 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal>Bearin 
Valuable Minerals. By J. W. Anderson, M.A. (Camb.), F.R.G.2 
Edition. Small crown 8vo, 8/6 cloth ; or, leather 



or other 
Tenth 

. 4/6 
" will supply a much'feh want, especiallv amm^ Colonists, in whose way aie so often thrown 

many mineralogical spedmens the value of whkh it is difficult to detenniae. "■— i?iv iw rr . 

** How to find coouneicial mtnerals, and how to Identily them when they an ipund, aie the 

leading poims to wtilch attention te directed."— iAMtfMe ^ourmml, 

THE METALLURGY OP SILVER. 

A Practical Treatise on the Amalgamation, Roasting, and Liadviation of SOvw 

Ores. Including the Assaying, Melting, and Refinmg of Silver Btdlioo. By 

M. EisSLBR, M.Inst.M.M. Fifth Edition. Crown 8vo, doth . 10/0 

** A practical traetlce, and a technical woric which we are oonvteced win supply a loog-Mt 
want amongst practical men, and at the same time be of value to students and otneis Indliecdy 
connected with the industries. "—MifUMg yoummL 

THE HYDRO-METALLURGY OF COPPER. 

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat* 

ment of Cupriferous Ores, Includine the Manufacture of Copper Vitriol, with 

Chapters on the Sources of Supply of Copper and the Roasting of Copper Ores. 

By M. EissLEK, M.Inst.M.M. 8vo, cloth .... AV/ 1 2/6 

" In this volume the Tarious processes for the extraction of copper by wet methods are AiUy 

detailed. Costs are given wb«n available, and a irreat deal of useful information about the copper 

industry of the world is presented in an intereHtinf and attractive manner."— JtfiMtMf- y«umaL 
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THE METALLURGY OP ARQENTIPER0U5 LEAD. 

A Practical Treadae oa the Smelting ol Silver-Lead Ores and the Refining of 

Lead Bullion. Including Reports on various Smelting Establishments and 

Descriptions of Modern Smelting Furnaces and Plants in Europe and America. 

By M. EissLSK, M.lnst.M.M. Crown 8vo, cloth .... 12/6 

** Tb* nmiMroas mnfllnqticai procMMS, iriilch are ftiOy sad eate a d yely trasMd of, embiaoa 
■ ttxparianced In the pawse of the levl from the tuIous natwal states to ks Msne fraa 
as an artfcia of commetca.*— iVwrttea/ SneimMr. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davibs, F.G.S. Sixth Edition, thocooghly Revised and much 

Enlarged by his Son, E. Hxmkt Davibs, M.E., F.G.S. 600 pp., with 173 

Illustrations. Large crown 8vo, cloth S§t 1 2/6 

** Nakher the ptactical miner nor the eanatal leader, iataraMed la mines, can have a better 
book far hit companion and hto guida.''-JWirt>y y0umai. 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C Daviks, F.G.S., Author of " Metalliferous Minerals," ftc Third 

Edition, Revised and Enlarged by his Son, S. Hsmkt Davui, M.S., F.G.S. 

With about xoo Illustrations. Crown 8vo, cloth 1 2/6 

*' We do not romamber to have met wkh any Engflih woik on mtataff m« 
of tailonnatkm packed in oquallf coavanlaat fomL* j l t w ai wy . 



the 



BRITISH MINING. 

A Treatise on the History, Discovery, Practical Deveiopannt, and Fnton 
Prospecu of Metalliferous Mine* in the United Kingaom. By Roi 



Hunt, F.R.S., late Keeper of Mining Records. Upwards of 050 pp., with 
e^o Illnstnuions. Second Edi ti on, Revised. Super-royal Bvo, cloth £2 2a« 

POCKET-BOOK POR MINERS AND METALLURGISTS. 

Comprising Rules, Formulas, Tables, and Notes for Use in Field and Office 
Work. By F. Danvbbs Powxk, F.G.S., M.E. Second Edition, Carrocted. 

Fcap. 8vo, lenher 9/0 

"Thii ewrananf book Is an admkahle ezampla of tts kkid. and ooglit to ind a laige sale 
a m eiicsi ITiiitllrii ■iinaliing pcoepectota and minkig ang in ee rfc "-^Bng imm t im g , 

THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deoosits, Mining 

Operations, Ore Dressing, ftc. For the Use of Students and otnen interested 

in Mining Matters. C^piled by John Milnb, F.R.S., Professor of Mining 

in the Imperial University of Japan. Third Edition. Fcap. 8vo, leather 7/6 

•*Profaeio> MOna's handbook li nue to be lecalTed wkh favoor bjr all connected wkh 
and win be a niema l y popoiar amoof itudantt. "-^tlUm M Min. 



IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kjbndau., F.G.S., Mining Engineer. Crown 8vo, cloth . . 1 6/0 

METALLURGY OP IRON. 

Containing History of Iron Manufacture, Methods of Assay, and Analyses 
of Iron Ores, Processes of Manufacture of Iron and Steel, &c. Bv 
H. Baubrman% F.G.S., A.R.S.M. With numerous Illustrations. Siztn 
Edition, revised and enlarged. Crown 8vo, cloth .... 5/O 

" Carefully written, it has the merit of brevity and conciseness, as to less important points ; 
while all material matters axe very fully and thoroughly entered \xAo."—StaHdard. 

MINE DRAINAGE. 

A Complete Practical TreattM on Direct-Acting Underground Steam 
Pumping Machinery. By Stsphsn Michbll. Second Edition, Re-written 
and Enlarged. With 950 Illustrations. Royal 8vo, cloth Nti 26/0 

HORIZONTAL PUMPING ENGINES.— ROTAKY AND NON-ROTAKV HORUONTAX. 
Bnginbs.-^implb andCoupound stbam pumps.— vertical PUMPING ENGINES.— 
Rotary and non-rotary Vbrtical engines.— Simpla and compound stbam 
PUMPS. — Triplb-expansion stbam Pumps. — pulsating stbam pumps. — pump 
Valvbs.— Sinking pumps, Ac, &c. 

••This vohimo "lyf^^f aa hnmonwi amount of Important and hHaiaaUng now matter. 
Tlie book ihould nndoubcedly prove of graat naa to aU who «1sb for {nfonnatloa oo the »!> 
ject."- rJhf Fngituer. 
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ELECTRICITY AS APPLIED TO MINING. 

By Arnold LurroN, M.Inct.C.E., M.I.M.E., M.I.E.E., late Professor of 
Coal Mining at the Yorkshire College, Victoria University, Mininsr Engineer 
and Collierr Manager; G. D. Aspinall Park, M.I.E.E., A.M.I.M.E.. 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University ; and Hbrbsrt Pbrxin,M.I.M.£.. Certificated Collioy Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College. 
Victoria University. With about 170 Illustrations. Second Edition, Revised 
and Enlai^ed. Medium 8vo, cloth. [Just Pu^lishtd. Net 1 2/0 

(For Summary op Contbhts, see page 39.) 

THE COLLIERY MANAQER'5 HANDBOOK. 

A Comprebenjiive Treatise on the Layine^oai and Working of C<dlieries, 
Design^ as a Book of Reference for Colliery Managers, and for the Use of Coal- 
Mining Students preparing for First*class Certificates. By Caus Pamklt, 
Mining Engineer and Surveyor ; Member of the North of England Inxtiiute of 
Mining and Mechanical Engineers ; and Member of the South Wales In«>titutc 
of Mining Engineers. Wito over x,ooo Diagrams, Plans, and other Illustra* 
tion». Fifth Edition, Carefully Revised and Greatly Enlarged, x,* o pp. 
Medium 8vo, cloth Net £1 Ss. 

Geology search for coal.— mineral leases and other Holj>ings.— 

SHAFT Sinking.— Fitting Up thb Shaft and Surface arrangements.— steam 
Boilers and their Fittings.- Timbering and Wallinc- Narrow work and 
Methods of working. — Underground Conveyance. - drainage.— The Gases 
MET WITH IN Mines : ventilation. — On the Friction of air in Mines. — The 
Priestman oil engine : Petroleum and Natural Gas. - Surveying and 

Planning Safety Lamps and Firedamp detectors.— Sundr> and Incidental 

Operations and appliances.- Colliery Explosions.— Miscbluinbous Questions 
and answers.- ^/a'k^ur' summary of report of h.m. commissioners on 
accidents in Mines. 

" Eminently suited 10 tbc purpoM f*>r whkh it to Intended, bdng ctou lot«f<Mdng exhaustive, 
rich in detaO. and up to du«. glvliig descripdoos of the latest merhlnaw is •wry d«p«nii*«nL A 
mining; •nfrliMer cnold scaKolv ffo wmnff who fnlknwad this work."' C » U itry Gt»m*diMi^ 

" Ml. Pauely has not tmiy >iv«si us a comprahenaiv* mU e wn ce book of a vary high order 
fultabto to the raquimncnts of niniln|r onginaen aad colUevy tDaaagMi, but has abo provided 
aunlng studonts with a ciaas-buok that Is as utttesting as It to itaiU\icttv,"^CMU€ry Aummrtr. 

"Thto to tbc most cooipiota 'all-rouno ' woifc 00 coai-mlninff pabttshod In tha fcn|{Vsb 
langnaro. ... No Hbrafy of ooal-infaiine bmks to cooitilete without It"— CMAVry B*ginfr 
(Scfantoa. Pa.. U.SJI ). 

PRACTICAL COAL-MININQ. 

An Elementary Class-Book for the Use of Students attendins Classes in Pre- 
paration for the Board of Education and County Council Examinations, or 
Qualifying for First or Second Class Colliery Manasers' Certificates. By 
T. H. CocKiN, Member of the Institution of Mining Eneineers, Certificated 
Collierv Manager, Lecturer on Coal-Mining at Sheffield Universitv College. 
With Map of the British Coal-fields and over aoo Illustrations specially Drawn 
and Engraved for the Work. 440 pages, Crown 8vo, cloth . Net 4/6 

" The style of exposition Is lucid, the diagrams arc clear, and as a ' fir«t-book' to put into the 
hands of an embryonic colliery manager, the volume is an unquestionablo success."— AffirfM^ 

COLLIERY WORKING AND MANAQBMBNT. 

Comprtoing the Duties of a Colliery Mana^ei , tOe Ovenagbt aad Arrange- 
ment of Labour and Wages, and the diflereni Sjrstems of Working Coal 
Seams. By H. F. Bulman and R. A. S. Rbomavnb. 350 pp., with 
>8 Plates and other Illustrations, including Underground Photograi^ 
Medium 8vo, cloth. 1 5/0 

"Thto Is, Indeed, an admltabU Handbook lor Colllafv Managws. hi tect It ban iodtopwikabto 
a IJunct to a ColUery Manager's education, as weU as being a most useful and Int e resti n g work 
on the subject for aO who in any way have to do with coal mliUng. The undeigroand photographs 
ue an anractive feature of the work, being very lUellke and necessarily true represwirsilnni of the 
they depict. "—Ctf^lOkry g wenfa i w. 



N0TE5 AND PORMUL/C FOR MINING STUDENTS. 

by ToMN HssMAN Mkkivalb^ M.A., Late Professor of Minbg in the Durham 

College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and 

Enlarged. By H. F. Buucan, A.M.In*t.C.E. Small crown 8vo, cloth. 2/6 

" The author has done hto work In a creditable oiannei . and has praduced a book diat wiB 

b« of service to stadents and those who are practically engaged In mining operattons-"— fiwrMsr A 
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PHYSICS AND CHEMISTRY OP MINING. 

An Elementary Clasa*Book for the use of Students preparing for the Board 
of Education and County Council Examinations in Mining, or qualifying for 
Colliery Managers' Certificates. By T. H. Byrom, Chemist to the wlgan 
Coal and Iron Co., Ltd., &c. With Illustrations. Crown 8vo, cloth. 

l/ust Published. Net 3/6 

MINING CALCULATIONS. 

For the use of Students Preparing for the Examinations for Colliery 
Managers' Certificates, comprising Numerous Rules and Examples in 
Arithmetic, Algebra, and Mensuration. By T. A. O Donahue, M.B., First- 
class Certificated Colliery Manager. Crown 8vo, cloth . . . 3/6 

COAL AND COAL MINING, 

By the late Sir Warinqton W. Smyth, M.A., F.R.S. Eighth Edition, 
Revised and Extended by T. Forstbr Brown, Chief Inspector of the Mines 
of the Crown and of the Duchy of Cornwall. Crown 8vo, cloth . 3/6 

" Every uortion of the volume appears to have been prepared with much care, and as an out- 
line is Kiven Of every known coal-field m this and other countries as well as of the two principal 
methods of worlung, the book will doubtless interest a very large number of readers." — Afimn^' 
yaumal. 

INFLAMMABLE GAS AND VAPOUR IN THE AIR 

(The Detection and Measnremenc of). By Frank ClowbSi D.Sc., Lond.» 

F.I.C. With a Chapter on Thb DrntcnoM and Mbasurbmsmt or Pstro* 

LBUM Vai^or, by BovsRTON RsDwooD, F.R.S.E. Crown Bvo, doth. Net 6^0 

' ProfeaMor Clowes haa gtven us a volunM oo a subject of much InduibrUl Cmpoftaace 

UMsyofi 



Tlicae inteffesced in these mattets may be lecommended to study this book, which u easy of compie- 
hwwinn and contains many good thli^"— 7^ Bn^i>%eer. 

COAL & IRON INDUSTRIES off the UNITED KINGDOM. 

Comprittng a Description of the Coal Fields, and of (he Principal Seams of 

Coal^ with RetnrDS of their Prodace and its Distribution, and Analyses of 

Speaal Varieties. Also, wax Account of the Occurrence of Iron Ores in Veins or 

Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 

Pig Iron Manufacture. By Richard Mbadb. 8vo, doth . . £1 8t. 

" A book of rafafeiice which no one eogagKi in the iron or coal tcadei shoukl omH from 
his lftManr."-./rvfi mml C»«U Tntdu Jltmtm. 



MINING TOOLS, 

Manual of. By W. Morgans, Lecturer on Mining at the Bristol School of 
Mines. Crown 8vo, cloth 2/6 

Atlas of Engravings to the above, containing 335 Illustrations drawn to 

Scale. 4to 4/6 

" Students, Overmen, Captains, Managers, and Viewers may gain practical luiowledge and 
tiseful hints by the study of Mr. Morgans' Manual"— Co^/iVr^ Gttardimn. 

SLATE AND SLATE QUARRYING. 

Scientific, Practical, and Commercial. By D. C. Daviss, F.G.S., Mining 

Engineer, &c. With numerous Illustrations and Folding Plates. Fourth 

Edition. Crown 8vo, cloth 3/0 

" One of the best and best-balanced treatises on a special subject that we have met with."— 
EM£in€er. 

A FIRST BOOK OF MINING AND QUARRYING. 

By J. H. Collins, F.G.S. Crown 8vo, cloth 1/6 

" For those concerned in schools in the mining districts, this woric is the very thing that 
should be in the hands of their schoolmasters."— /r^n. 

ASBESTOS AND ASBBSTIC. 

Their Properties. Occurrence, and Use. By Robert U. Jonbs, F.S A., 

Mineralogut, Hon. Mem. Asbestos Club, Black Lake, Canada. With 

Ten CoUocype Plates and other illustrations. Demy 8vo, doth. . 1 6/0 

•* An intaraittag and faivahiabto wohu'^-UMUtry 1 



GRANITES AND OUR GRANITE INDUSTRIES. 

ByGBOBGB F. Habkis, F.G.S. With lllnstrauons. Crown Svo, doth 2'6 



28 CROSBY LOCKWOOD ^ SON*S CATALOGUE. 
MINERAL SURVEYOR AND VALUER'S GUIDE. 

Comprising a Treatise on Improved Mining Surveying and the Valuation of 
Mining Properties, with New Traverse Tables. By W. Lint£RM, C.E., 
Fourth Edition, enlarged. Crown 8vo, cloth 3/6 

" Contains much valuable information, and is thorouifhly trustworthy." — Iron and Coal 
Trades Rrvuw. 

TRAVERSE TABLES. 

For use m Mine Surveying. By William Lintern, C.E. With two plates. 
Small crown 8vo, cloth Ntt 8/0 

SUBTERRANEOUS SURVEYING. 

By T. Fenwick. Also the Method of Conducting Subterraneous Surveys 
^without the use of the Magnetic Needle, &c. By T. Baker. Cr. 8vo. 22/6 

MINERALOGY, 

Rudiments of. By A. Ramsay, F.G.S. Fourth Edition. Woodcuts and 
Plates. Crown 8vo, cloth 3/6 

PHYSICAL GEOLOGY, 

Partly based on Maior-General Portlock's '* Rudiments of Geology." ^ 
Ralph Tate, A.L.S., &p. Woodcuts. Crown 8vo, cloth . . . 2/0 

HISTORICAL GEOLOGY, 

Partly based on Maior-General Portlock's ** Rudiments." By Ralph 
Tate. Crown 8vo, cloth 2/6 

GEOLOGY, I 

Physical and Historical. Consisting of " Physical Geology," which sets i 

forth the Leading Principles of the Science ; and " Historical Geology," | 

which treats of the Mineral and Organic Conditions of the Earth at each I 

successive epoch. By R. Tate. Crown 8vo, cloth .... 4/6 



ELECTRICITY, ELECTRICAL 
EN GINEERING, ETC. 

THE ELEMENTS OF ELECTRICAL ENGINEERING. 

A First Year's Course for Students. By Tyson Sbwkll, A.I.E.E., Assistant 
Lecturer and Deinonsirator in Electrical Engineerinft at the Polytechnic, 
Regent Street, London. Third Edition, Revised and Enlarged, including an 
Appendix of Questions and Answers. 460 pages, with 274 Illiutrations. Demy 
8vo, cloth. [Just Hublish0d. Ntt 7IS 

> OHM'S Law.— UNrrs Employed in Electrical Enginbhring. -Series and 

Parallel Circuits ; Current Denshty and potential Drop in the Circuit.— 
The heating Effect of the Electric Current.— the Magnetic Effect op an 
Electric current.— the Magnetisation of Iron.— Electro-chemistry; Primary 
Batteries.- accumulators.— Indicating instruments ammeters. Voltmeters. 

OHMMBTERS.— ELBCTRICrTY SUPPLY METERS. —MEASURING INSTRUMENTS. AND THE I 

Measurement of Electrical Resistance. — mbasurbment of Potential Dif. ' 

FERENCB. Capacity current Strength, and Permeability.— arc Lamps.— Incan- 
descent Lamps. Manufacture and Installation s photometry. — the con- 
tinuous current Dynamo.— Direct Current Motors.— alternating Currents. 
—Transformers, alternators. Synchronous Motors- Polyphase working.— 
appendix op questions and answers. 

"An excellent tieatise for students of the elementary facts connected with dectiical 
eni^eeiinii:."— rA/ Eltctrician. | 

" One of the best books for those conunendn^ the study of electtical engineering. Erery- 
thing is explained in sunple language which even a t)egtnner cannot fail to understand." — Enginttr. 

" One welcomes this book, which is sound in its treatment, and admirably calculated to give 
students tbe.knowiedge and information they most require." — Naturt. 1 

ELEMENTARY ELECTRICAL ENGINEERING 

In Theory and Practice. A Class-book for Junior and Senior Students, and 
Working Electricians. By J. H. Alexander, M.B., A.I.E.E. Witn x8i 
Illustrations. Crown 8vo, cloth. \Just Published, Net QJQ 

THE ELECTRICAL TRANSMISSION OF ENERGY. 

A Manual for the Design of Electrical Circuits. By Arthur Vaughan 
Abbott C. £. ^ Member American Institute of Electrical Engineers, Member 
American Institute of Mining Engineers, Member American Society of Civil 
Engineers, Member American Society of Mechanical Engineers, &c. With 
Ten Folding Diagrams and Sixteen Full-page Engravings. Fourth Edition, 
entirely Re- Written and Enlarged. Royal 8vo, cloth . Net 30/0 



ELECTRICITY. ELECTRICAL ENGINEERING. S*. ag 



ELECTRICITY A5 APPLIED TO MINING. 

ByAKNOLD LUPTON, M.InstCE., M.I.M.E., M.I.EE., late Professor of 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Pakr, M.I.E.E., A.M.I.M.S., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University; andHBRBBXT Prkkin, M.I.M.E., Certificated Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria Univeraty. With about 170 Illostrations Second Edition, Revised 
and Enlarged. Medium 8vo, ck>th. [fust Published. Ntt 1 2/0 

Introductory. — DYNAMIC Blactricity. — Driving of thb Dynamo. — Thb 

Stbam turbinb.— Distribution op Elbctrical Energy starting and Stopping 

Elbctrical gbnbrators and Motors.— Elbctric Cablbs.— Cbntral Elbctrical 

PLANTS.— ELBCTRICITY APPLIED TO PUMPING AND HAULING.— ELBCTRICITY APPUBO 
TO COAL^UTTING.— TYPICAL ELBCTRIC PLANTS RBCBNTLY ERBCTBD. — ELBCTRIC 

Lighting by arc and clow Lamps— Miscbllanbous applications op Elbctricity 
—elbctricity as comparbd wrfh othbr modbs of transmitting powbr.— 

DaNGBRS OP EZ.BCTRfCrrv. 

" The work is well written, and exactly suited for rapid reference by men to whom time is 
an object of the first importance." — Atheiutunt, 

"Ought to find a place in the library of all who are interested in the latest development of 
this bmnch of mining engineering."— £/ecrrira/ Review, 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of Circuits, Pole-Line 
Construction, Underground Working, and other Uses. By F. A. C. Pbrrinb, 
A.M., D.Sc. ; formerly Professor of Electrical Engineering, Leland Stanford, 
Jr., University ; M.Amer.I.E.E. 8vo, doth .... Ntt 20/0 

Conductor Materials— alloyed Conductors— Manufacture of Wire— 
Wire-Finishing— Wire insulation— Cablbs— Calculation of Circuits— Kelvin's 
LAW of economy in Conductors— Multiple arc Distribution— alternating 
CURRENT Calculation— OVERHEAD Lines— Pole Line— Line Insulators— Undbr. 
GROUND Conductors. 

DYNAMO ELBCTRIC MACHINERY: its CONSTRUC- 
TION, DBSIQN, and OPERATION. 

By Samuel Sheldon, A.M., Ph.D., Professor of Physics and Electrical Engi- 
neering at the Polytechnic Institute of Brooklyn, assisted by H. Mason, B.S. 
In two volumss, sold uparatilyt as follows : — 
Vol. L— DIRECT CURRENT MACHINES. Fifth Edition, Revised. Large 
crown 8vo. a8o pages, with aoo Illustrations JV// 1 2/0 

Vol II.— ALTERNATING CURRENT MACHINES. Large crown 8vo. 360 

pages, with 184 Illustrations Nki 1 2/0 

Deslfpied as Text-boolca for use in Technical Educational Iiutitutioss, and by EnsliMen 
whose voric includes the handling of Direct and Alternating Current Machines reipectiTely, toad 
for Students proficient in mathematics. 

DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS 

FOR ELBCTRICAL BNQINBBRS. 

A Practical Book dealing with the subject of Direct, Alternating and Poly* 

phase Currents. By William R. Bowker, C.E., M.E., E.E., Consulting 

Tramway Engineer. 8vo, cloth Net 6/0 

"Mr. Bowlcer's book consists chiefly of diagrams of connections, with short explanatory 
notes, there are over xoo diaiframs, and the cases considered cover all the more important circuits, 
whether in direct current, singie-pliase, or polyphase work."— A'a/wrr 

ARMATURE WINDINGS op DIRECT CURRENT DYNAMOS. 

Extension and Application of a General Winding Rule. By E. Axnou>, 
Translated from the Gernuui by F.B. Db Gekss. 8vo, cloth . Net 12/0 

POWER TRANSMITTED BY ELECTRICITY, 

And applied by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A.M., Ph.D. Third Edition, Fully Revised, and New 
Matter added. With 94 lUustratioos. Crown 8vo, cloth . Ntt 9/0 

THB MANAGEMENT OP DYNAMOS. 

A Handybook of Theory and Practice for the Use of Mechanics, Engineers, 
Students, and others in Charge of Dynamos. By G. W. Lumus-PATsnoN. 

Third Edition, Revised. Crown 8vo, cloth 4/6 

** The subject Is treated m a nunaer which any tBteUgsnt man who is flt to be entmstad with 

ehane of an «iglne should tM able to undetstand. It is a nseftil book to all who nuke, tend, er 

eesploy electiic machineiy."— ^rcMML 
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DYNAMO CONSTRUCTION. 

A Practical Handbook for the Um of Encueer-Cooatmccors and 

I in-Charga. Embracing Framework Building, Field Magnet and Armanuv 

I Winding and Gronping, Compoonding, ftc. By J. W. uiiqoxakt. Second 

Rdition. Enlarsed. wito 1x4 IlluKrations. Crown 8vo. cloth 7/6 

I " Mr. Urqubutu book Is the fint one wtdch daals with Choae mattan In nch a way that ttt* 

wteiniwring ftndant can imdentand tham. Tha book b ynrv caadabla. and the ancho* laacto hte 

rcadwa np to dUBcnk aableeti by leaioaably almpla f wa. "--EngiHetring^ Review, 

HOW TO MAKE A DYNAMO. 

i A Practical Treatijie for Amaieon. Containing lUoacrations and Detailed 

Inatructiona for Constructing a Small Dynamo to Produce the Electric LiKbi. 
By Altvbd Csorrt. Seventh Edition. Crown 8vo, cloth . . 2/0 

W1RBLE55 TELEGRAPHY; 

I Its Origins, Development, Inventions, and Apparatus. Bv Charles Hbnkv 

^ Sbwall. WithSs Diagrams and Illustrations. 8vo, cloth . Net 10/6 

SUBMARINE TELEORAPH5. 

Their Hbtory, Construction, and Woriting. Founded in part on W0N8CHni> 
DOftrr's " Trait6 de Tti^aphie Sous*Marine," and Compiled from Anthorita* 
tive and Exclusive Sources. ByCHASUK Bright, F.R.d.£., A.M.Inst.C.E., 
M.I.E.E. 780 pp., fully Illustrated, including Maps and Folding Plates. 
Royal 8vo, cloth Net £3 3a. 



" There aie few. If any, penons mors fitted to write a tieadae on submarine telegraphy than 
Mr. Cbarias Bright. He has done his work adminbly, and has written In a way whka will 
appeal as much to the layman as to the engineer. This admirable Tolume must, for many yeati to 
come, hold the position of the English dune on mbmarine telegraphy."— £fyibM«r. 

" This book is ftill of infonnation. It maltes a book of rewenoe whioi should be in erery 
engineer's library."— ^c/Nrr. 

ELECTRICAL AND MAGNETIC CALCULATIONS. 

For the Use of Electrical Engineers and Artisans, Teachen, Students, and all 

others interested in the Theory and Application of Electricity and Magnetism. 

Bv Pr(tf. A. A. Atkinson, Oluo University. Crown 8vo, cloth Nit 9/0 

" To teachers and those who already possess a fair knowledge of their subject we can recom* 

mend this book as being useful to consult when requiring data or formulae which it is neither oon- 

venient nor necessary to retain by memory."— 7Vb< EUctricimn. 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical 
Engineering. Containing upwards of 3^000 definitions. By T. O'Conor 
Sloans, A.M., Ph.D. Third Edition, with Appendix. Crown Bvo, 6qo pp., 

^Qo Illustrations, cloth Itet 7/6 

"The work has many attractive features In It, and Is, beyond doubt, a well put together and 

useftil publication. The amount of ground co re i ed may be gatheied feom the feet tliat in the Index 

about S.000 lefawncei will be tawaA^^^ltOriaU JUvitw. 



THE ELECTRICAL ENQINEER'5 POCKET-BOOK. 

Consisting of Rules, Formulae. Tables, and Data. By H. R. Rbmps, 
M.I.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of 
" A Handbook of Electrical Testing." Second Edition, samo, leather 6/0 

" It is the beat book of its kia±"^Et€ctrtcmJ Engwugr. 

" The Electrical Engineer's Pocket-Book is a good oae."— Jff/lec«ricte«. 

" Strongly recommended to those engaged in the eiectilcal induatiles.*'— ffXtetfrtoi/ JC«erfn*. 

ELECTRIC LIQHTINQ (ELEMENTARY PRINCIPLES OF). 

By Alan A. Cakpbsll Swinton, M.InstCE., M.I.E.E. Sixtb Edition, 
with x6 Illustrations. Crown 6vo, cloth 1/S 

ELECTRIC LIGHT. 

Its Production and Uae, Embodying Plain Directions for the Treatment of 

Dynamo-Electric Machines, Batteries, Accumuluors, and Electric Lamps. 

By J. W. Urqohart, C.E. Seventh Edition. Crown Bvo, doth . 7/6 

" The wliole ground of electric lighting Is mora or less coverad and explained in a very dear 

«nd concise manner."— ^ikcrtioi^ Revum, 

ELECTRIC LIQHT FOR COUNTRY H0U5E5. 

A Practical Handbook on the Erection and Running of Small Installatioub, 
with Particulars of the Cost of Plant and Working. By J. H. Knight. 
Fourth Edition, Revised. Crown 8vo, wi ap pe t I/O 
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ELECTRIC LIGHT FITTINQ. 

A Handbook for WorkanK Electrical EDKineen, embodfing Practical Notes on 
Installation Manajcement. By J. W. Urqumakt. with nnmerooa Illnstra. 
tions. Fourth Edition, Revised. Crown 8vo, cloth. < 5/0 

" This ToluoM (teals with the mechanlci ol a l t w te Hghttnc, *ed b idd r Mied to bmb who 
araalrasdy eiurscodlnthowork,oraraCnliilBff foriL The work tnvonos a gVMt doal of gTOuml, 
and may be read as a sequel to the author's naalkil work on ' Electflc lJgia,'^—Jitt€trMmt$, 

' ELECTRIC 5HIP-LIQHTINQ. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant. 
For the Use of Shipownets and Builders, Marine Electricians, and Seagoing 
Engineen-in>Charse. By J. W. Ukquhakt, CS. Third Edition, ReviMd 
and Extended, with 88 lUnatrations, Crown 8vo, doth . 7/6 

" Mr. Urquhart to to be bighly compamented for pledaf such a vahiable work at the service 
of aaarioe elactiiclans."— 7%^ SuamsM^f. 

DYNAMIC ELECTRICITY AND MAGNETISM. 

Bv Philip Atkinson, A.M., Ph.D., Author of "Elemenu of Stntic 
K.leccridcv." &c. Crown Svo. aij pp., with leo lllnstrationa. doch . tO/G 

THE STUDENT'S TEXT- BOOK OP ELECTRICITY. 

By H. M. NoAD. F.R.S. 6so pp., with 470 Illniitrauons. Crown Svo, cloth. 
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This book to a verr usetal one. and should find a place fai evety BasUah oihoe oonnecttfO 
1 eagweefliig 1 



•Hth the boUdlnff and engfaaertnir pr ofti ssi u i 1 1 . "^/mdtutrUs, 
** An exceOeat book of reference. "—^rcMMM. 
" CompreheDsive, rellabia, veil anansed, lepble and weQ bonad.''— •A'tfMrA ArckMet. 

PRACTICAL BUILDING CONSTRUCTION. 

A Handboc^ for Studenu Prepariiw for Examinations, and a Book of 
Reference for Persons Engaged in Building. By John Paknbll Allbn, 
Surveyor, Lecturer on Building Construction at the Durham College of 
Sdence, Newcastle-on*Tyne. Fourth Editicm, Revised and Enlarsed. 
Meditui 8vo, 570 pp., with over 1,000 Illustrations, doth . A*i 7/6 



' The most complete egpodtfcm of building constroctkw we ha^e seen. It oontalas all that is 
to pcepeie smdents for ewamlnations In buUdiiic ccnatnictfcw. "^BuiiSitif Afitms. 

** The author depends Boarijr as mnch 00 hto dtavraas aa on hto type. The pegea sune>t 
the hand of a oiaa of eac p e ri epce in building operation!— and the vohuae umst be a bleasMi; le 
many teecheo as waO as to students."— rAr AfxhOaet. 



SPECIFICATIONS IN DETAIL. 

By Frank W. Macbv, Architect, Author of "Conditions of Contract." 
Second Edition, Revised and Enlarged, containing 644 pp., and 3,000 Illustra- 

tions. Royal 8vo, cloth iV!r/ 21/0 

Summary of contbnts :~Gbnbral notbs (including Points in specification 

WRITINC, THB ORDBR OF A SPBCIPICATION, AND NOTBS ON ITBMS OFTBN OMITTBD 

FROM A SPECIFICATION).— FORM OF OUTSIDE COVER TO A SPECIFICATION SPBCIFICA* I 

TfON OF Works and List of Genbral Conditions.— Preliminary Items (including 
Shoring and House Breaker).— drainage (including Rain-water wells and 
rbports).— Excavator (including Concrete floors, roofs. Stairs and wazxs). 

— Pa VIOR.— BRICKLAYER (INCLUDING FLINTWORK, RIVER AND OTHER WaLLINC. SPRING* 
W\TBR WELLS. STORAGE TANKS, FOUNTAINS, FILTERS. TERRA COTTA AND FAIBNCB).— 

Mason.— Carpenter. Joiner and Ironmonger (including Fencing and PiLiNr;;.- 
Smith and Founder (including Heating. Fire Hydrants. Stable and Cow-housb 

FITTINGS).— SLATER (INCLUDING SLATE MASON).— TiLBR STONE TiLER.- SHINGLBR.— 

Thatcher. — Plumber (including Hot-water work). — Zincworkbr. — Copper- 
smith. — Plasterer. — Gasfitter. — bellhanger. — Glazier. — Painter. — Paper- i 
hanger.- General Repairs and Alterations. -ventilation.- Road-making. — 
Electric Light.— Index. 

" We strongly advise every student to purchase the volume and carefully study, while to the 
older practitioner we would say, have it by you as a most useful work of reference."— ^rvAi/rc/Mmt 
Asseciatton I^'otes. 

LOCKWOOD'5 BUILDER'S PRICE BOOK for 1906. 

A Comprehensive Handbook of the Latest Prices and Data for Builders, i 

Architects, Engineers, and Contractors. Reconstructed, Re-written, ana 
Greatly Enlarged. By FRANas T. W. Milucr. 800 cloeely-printed paffe&, 
crown 8vo, doth. C/m/ Pubtuked 4/0 
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SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Sorveyor, and Builder. Upon the Basts 
of the Work by A. Babtholombw, Reriaed, hy F. Rogsks. 8vo, doth 1 5/0 



" Oncot the books with which everir young atchtoact mmt be equipped "—A r e kdi t a . 

SCIENCE OF BUILDING: 

An Elementary Treatise on the Principles of Construction. By E. Wynd- 
HAM Takn, M.A. Lond. Fourth Edition. Crown 8vo, cloth . 3/6 

ART OF BUILDINQ, 

Rudiments of. General Principles of Construction, Character, Strength, 
and Use of Materials, Preparation of Specifications and Estimates, &c. 
By Edward Dobson, M.Inst.C.E. Fifteenth Edition, revised bv J. P. 
Allen, Lecturer on Building Construction at the Durham College of 

Science. Crown 8vo, cloth 2/0 

" A good book for practical knowledge, and about the best to be obtained."— ^M7<A'f^ A ews. 

BOOK ON BUILDING, 

Civil and Ecclesiastical. By Sir Edmund Beckett, Bart., LL.D. Second 

Edition. Crown 8vo, cloth 4/6 

" A book which is always ainiuiing and nearly always instructive."— 7Vm«j. 

BUILDING ESTATES: 

A Treatise on the Development, Sale, Purchase, and Management of 
Btiilding Land. By F. Maitland. Fourth Edition. Crown 8vo, cloth 2/0 

" This book should undoubtedly be added to the Ubraiy of every professional man dealtog 
with building land."— /-« «rf Aj^tnfs Record. 

COTTAGE BUILDING. 

By C. Brucr Allen. Twelfth Edition, with Chapter on Economic 
Cottages for Allotments by E. E. Ali.en, C.E. Crown 8vo, cloth . 2/0 

DWELLING-HOUSES, 

Erection of, illustrated by a Perspective View, Plans, Elevations, and 
Sections of a Pair of Villas, with the Specification, Quantities, and Estimates. 
By S. H. Brooks. Crown 8vo, cloth 2/6 

FARM BUILDINGS: 

Their Arrangement and Construction, with Plans and Estimates. By Pro- 
fessor J. Scott. Crown 8vo, cloth 2/0 

" No one who is called upon to design farm buildings can afford to be without this work."— 
Buildtr. 

SHORING, 

And its Application. By G. H. Blagrovb. Crown 8vo, cloth . .1/6 
" We recommend this valuable treatise to all students." — Buildtm; .\ru's. 

ARCHES, PIERS, BUTTRESSES. 

By William Bland. Crown 8vo, cloth 1/6 

PRACTICAL BRICKLAYING. 

General Principles of Bricklaymg; Arch Drawing, Cutting, and Setting, 
Pointing; Paving, Tiling, &c. By Adam Hammond. With 68 Woodcuts. 

Crown 8vo., cloth 1/6 

" The young bricklayer will find it infinitely valuable to him."— C/oj'^crw Herald. 

ART OF PRACTICAL BRICK-CUTTING AND SETTING. 

By Adam Hammond. With 90 Engravings. Crown 8vo, cloth . 1/6 

BRICKWORK : 

Embodying the General and Higher Principles of Bricklaying, Cutting and 
Setting; with the Application of Geometry to Roof Tiling, &c. By F. 
Walkek. Crown 8vo, cloth 1/6 

" Contains ail that a student needs to learn from \)o6k&.''-^£ui/din£ AVwj . 

BRICKS AND TILES, 

Rudimentary Treatise on the Manufacture of. Containing an Outline of 

the Principles of Brickmaking. By E. Dobson, M.R.I.B.A. Additions by 

C. ToMLiNsoN, F.R.S. Illustrated. Crown 8vo, cloth . 3/0 

" The best handbook on the subiecL We can recommend it as a good investment."— ifwtMrr. 
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PRACTICAL BRICK AND TILE BOOK. 

Comprising: Brick and Tile Making, by E. Dobson, M.Inst.C.E. ; Practical 
Bricklaying by A. Hammond, Brick-Cutting and Setting, by A. Hammond. 
550 pp., with 370 Illustrations, strongly half -bound .... SIO 

PRACTICAL MA50NRY. 

A Guide to the Art of Stone Cntting. Comprinng the Coastniction, Settfaif • 
Out, and Working of Stain, Circular Work, Arches, Niches, Dooms, Penden- 
tiTcsj Vaults, Tracery Windows, ftc. ; to which are added Supplements 
relating to Masonry Estimating and Quantity Surveying, and to Building 
Stones and Marbles, and a Glossary of Terms. For the Use of Students, 
Masons, and Craftsmen. Bv W. R. Pdkcmasb, Bnikiing Inspector to th' 
Borough of Hove. Fifth Sditioo, Enlirged. Royal 6to, sa6 pp., with 5a 
Plates, oomprisinc over 400 Diagrams, doth JVr/ 7/6 

" The book Is ■ practical tf—Hra. Most of th« oxamples oivon ara from actual work 
carried out. It slioiild be found of genenl utUltjr to archltocnital mdams and odMti. as w«D at ti 
those to whom It Is toodallv addnaaed."->7pwr»M/ ^^tkt Rmyml ingtUiat ^BHHsh ArchUteU. 



MASONRY AND STONECUTTING, 

The Principles of Masonic Projection, and their Application to Construc- 
tion. By £. DoBSON, M.R.I.B.A. Crown 8vo, clotn . . . 2/6 

MODERN JLIQHTNINQ CONDUCTORS. 

An Illustrated Supplement to the Report of the Lightning Research Com- 
mittee of 1905, wiin Notes as to the Methods of Protection, and Specifica- 
tions. By KiLLiNGWORTH Hkdges. M.Inst.C.E., M.I.E.E., Honorary 
Secretary to the Lightning Research Committee, Author of " American 
Street Railways." Medium 8vo. cloth. \]wt Publishtd. Set 6/6 

" The illustrations are veiv interesting and g^ive one a dear idea of what is likely to happen 
when a buUdine is stniclc by ligntninj;. Mr. Hedj^es' suggestions of possible reasons why certain 

Erotected builaln^ were struck are instructive. He also explains the modem methods of fittin(( 
uUdini^ with lij^htninf; conductors. To the ordinary rc.id«*r the book will tie of interest. an<i to 
anyone who has to design a system for protecting a building from lightning strtrfces it will be 
belpfuL "—Builder. 

" The damage done by lightning to various buildings throughout the country is shown by 
sketches and photcOTauhs which make ttie path of the lightning clear. In the book will Ije found 
the suggestions ana rules of tlie Research Coinniittcc, which were drawn up after a convidcration 
of the reports on a large number of lightning strokes. These are commented on by the author, 
who gives also some st>eci(ications which will guide surveyors and architects in the right 
direction. . . . The information given in the volume is most valuable."— ^VA-/m«/ hnainetr. 

MODERN PLUMBING, STEAM AND HOT WATER 

HBATINO. 

A Work for the Plumher, the Heating Engineer, the Architect, and the Builder. 
By J. J. Lawlbr. With 984 Illustrations. 4to, cloth . Net 21/- 

PLUMBING : 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buchan. 
Nintn Edition, with 512 Illustrations Crown tjvo, cloth . . . 3/6 

" A text-book which may be safely put into the hamls o( every young plumber, and which 
wQl also' be found useful by architects ancf medical pxofes^oTs."— Builder. 

HEATING BY HOT WATER, 

VENTILATION AND HOT WATER SUPPLY. 

By Walter Jonbs. M.LM.E. 360 pages, with 140 lUtistrations. Medium 
8vo, cloth Ntt 6/0 

THE PRACTICAL PLASTERER: 

A Compendium of Plain and Ornamental Plaster Work. By W. Kemp. 
Crown 8vo, cloth 2/0 

CONCRETE: IT5 NATURE AND U5E5. 

A Book for Architects Builders. Contractrrs, and Clerks of Works. By 

G. L. SuTCLiFPB, A.R.I.B.A. Second Edition, Revised and EnlargeH. 396 

^p.. with Illustrations. Crown 8vo, cloth. L/mx/ Published, yet 9/0 

**TlM antbor mats a dlAcok nbject ta a hidd iraimtf. Tta* maaaal ills a kwc-talt gap. 
Is carafol and exbauatlTe : equally useful as a ftudant'i ipilde aod an aicbltoct's boo* of 
''—ymtmal nftht RtyeU hutUuU »fBHHsh Ardttlaets, 
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PORTLAND CEMENT FOR USERS. 

By the late Hknry Faija, M.Inst.C.E. Ftfith Edition. Revised and 
Enlarged by D. B. Butlbr, A.M.Inst.C.E. Crown 8vo, cloth . . 3/0 

**Suppttet In a mall compass all that is necessary to be known by users ol cement."— 
Pirilding News. 

LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTBRINO, Ac. 

By G. R. BuRNKLL, C.E. Fifteenth Edition. Crown 8yo, cloth . 1 /6 

MEASURING AND VALUING ARTIFICERS' WORK 

CThe Stndcnt's Ooida to the Practioe oO< Containing DirecCiom for taking 
Djimmiiani, Abgtrscting the nine, and bringing the Qnantitiet into Bill, with 
Tablet of Constanu for Yalnatioo of Labour, and for the Calculation of Areas 
and Solidities. Originallj edited by B. Dobson. Architect. With Additions 
by E. W. Takm, M.A. Seventh Edition, Revised. Crown Bvo, doth. 7/6 
■'The most complale tteatlsa oo the prtsclples of iseaiutac and valuin£ aitlfioass* vofk.* 

QUANTITIES AND MEASUREMENTS, 

In Bricklayers', Masons', Plasterers', Plumbers', Painters*, Paperhangers', 
Gilders', Smiths', Carpenters' and Joiners' Work. By A. C. Bbaton. 

Surveyor. Crown 8vo, cloth 1/6 

*' This book b todisnensable to buUdets and thdr quantity deiks."— f iv/*^A MttlUtHic. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Bnllders and Sorveyocs. Containing Technical Dtractions for Measuring 
Work in all the Boikiing Trades, Complete Sperificatwns for Hooaes, RomAs, 
and Drains, and an Easy Method of Estimating tlte parts of a Bnikling 
ooUectively. By A. C. Bbatom. Tenth Editkn. Waastcoat-pocket siae. 1/6 

News, 
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**No buffldav, aichltact. mnreyor, otvakMsshoaldbevrlthoathb * 

COMPLETE MEASURER; 

Setting forth the Measurement of Boards, Glass, Timber, and Stone. B 
R. HoRTON. Sixth Edition. Crown 8vo, cloth 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to BnikL Alter, or Repair? A Price Book for Un- 
profrasional People as well as tlie Arcnitectnral Surveyor and Builder. By 
J. D. SiMOM. Edited by F. T. W. MiLun, A.R.I.B.A. Tifth Edition. 

Carelnlly Revised. Crown Svo, doth Ak/ 8/6 

** In two yaais It will rapay its cost a handled thaes over."— /VsM. 

HANDBOOK OP HOUSE PROPERTY. 

A Popular and Practical Guide to the Purchase, Teiuuicy, and Com- 
pulsory Sale of Houses and Land, including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
right use of Decorative Art. By E. L. TAiauac, Architect and Surveyor. 
Seventh Edition, zsmo, cloth . 6/0 

*' The advice Is thoroughly pnurtteaL"— £«w y»itmmJ. 

" For all who have desBngs with house p ro pe rty , this Is an Indlsnensable guide."— JPls tv r wIK sis. 

** CareftiUy brought up to date, and much Improved by the addition of a dlvWoa on Fine Art. 
A wea-wrltten and thoughtful work."— I^wuf Agents' Xee»rd. 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Opermtioiu of the Draughtsnuw in Drawing a Lmv* 
Hotise in Linear Perspective. Illustrated by 43 Fokiing Plates. By F. O. 
Pbrgdson. Third Eaitioo Svo, boards 8/6 

" It Is the most InteUlgfble of the tieatlsas on this m-tseated snbjeet that 1 have ssat wkb."— 
B. INCRBSS BBLL, ESQ.. U the R.I.BM. TtttrtmL 

PERSPECTIVE FOR BEGINNERS 

For Students and Amateurs in Architecture, Painting, &c. By G. Pvnb. 
Crown Svo, cloth 2/0 

PRACTICAL RULES ON DRAWING. 

For the Builder and Young Sttident b Architecture. By G. PncB. 4to 7/6 



ARCHITECTURE, BUILDING, S<, 



35 



THB MBCHAN1C5 OP ARCHITECTURE. 

A Traatiao on Applied Mechanics, especudly Adapted to the Uae of Architects. 

By E. W. Takm, MA.. Anthor of ^ The Sdenoe of Boilding," ftc Second 

Bditioo, Enlarged. Ulnstrated with s«5 Diagrams. Crown iro, doth 7/6 

''Tbe book li s v«y uMfiil ud hfllpfbl mamial of aichttectiinl 



A HANDY BOOK OP VILLA ARCHITECTURE. 

Bein^ a Series of Designs for Villa Residenoes in varioas Styles. With 
Outline Spedficataons and Estimates. By C WiacBS, Architect, Anthor of 
" The Spires and Towers of England/' ftc. 61 Plates, 4to, half-moroooo, ^ilt 
edges ill lit. 6o. 

DECORATIVE PART OP CIVIL ARCHITECTURE. 

By Sir William Chambbm, F.ILS. With Portrait, lUnstratioos, Notes, and 

an EXAMIMATIOM OF GSBCIAIf AJKHITBCTOaS, by JosBm GWILT, F.S.A. 

^ ' ' and Edited by W. H. Lbm. 66 Plates, 4K0, cloth . . 21/0 



HINT5 TO YOUNQ ARCHITECTS. 

By Georgb Wightwick, Architect, Author of **The Palace of Architec- 
ture." &c., &c. Sixth Edition, revised and enlarged by G. HusKtssoM 

GuiLLAUME, Architect. Crown 8vo, cloth 3/6 

" Ousfat to be considered ai necessary a purchase a* a box of instruments."—^ rchiUet, 

THE ARCHITECTS GUIDE. 

^ Bemg a Text-book of Useful Informatioa for Architects, Engineers, Sunreyors, 
Contractors, Clerks of Works, ftc By F. RoGSXS. Crown Svo. 8/6 

ARCHITECTURE-ORDERS. 

The Orders and their Esthetic Principles. By W. H. Lkbos. Cr. 8vo> 1 /6 

ARCHITECTURE— STYLES. 

The History and Description of the Styles of Architecture of Varioos 
Countries, from the Earliest to the Present Period. By T. Talbot Bury, 

F.R.I.B.A., &c. IllustFated. Crown 8vo, cloth 2/0 

** Orobrs and Stylks of Archztscture," in Ofu Vol, • « . 3/6 

ARCHITECTURE -DESIGN. 

The Principles of Design In Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Sow. 

L. Garbbtt, Architect. Crown 8vo, cloth 2/6 

" We know no work that we would sooner recoinmeiiil to an attentive reader desirous 10 
obtain clear views of the nature of architectural art. The book is a valuable one."— SuiliUr. 

*«* Th4 thrM prectding IVorks in One handsome Vol., half-bound, entitled 

** Modern Architecture," price 6/0* 

ARCHITECTURAL MODELLING IN PAPER, 

The Art of. By T. A. Richardson. Crown 8vo, cloth '1/6 

" A valuable aid to the practice of architectural modelling."— Buiidtr's IVeeAfy ReforUr, 

VITRUViUS ~ THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLIO. 

In Ten Boolts. Translated from the Latin by J. Gwilt. With 23 Plates. 
Crown 8vo, cloth 6/0 

N.B.—This is the only Edition 0/ Vitruvius procurable at a moderate price, 

GRECIAN ARCHITECTURE, 

An Inquiry into the Principles of Beauty in ; with an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl of Aberdeen 1 /Q 
*«* The two preceding Works in One handsome Volume, half-bound, entitled 

"Ancient Architecture," price 6/0« 

ACOUSTICS OF PUBLIC BUILDINGS: 

The Laws of Sound as applied to the Arrangement of Buildings. By 
Professor T. Roger Smith, F.R.I.B.A. New Edition, revised. With 
numerous Illustrations. Crown 8vo, cloth 1/6 

LIGHT: 

An introduction to the Science of Optics. Designed for the Use of Students 
of Architecture, Engineering, and other Appliea Sciencei. By E. VV. Tarn, 
M.A. Crown 8vo, cloth • ■ ■ 1,6 
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SANITATION AND IVATBR SUPPLY. 



THE HEALTH OPnCER'5 POCKET-BOOK. 

A Goide to Somary Prwdoe and Lav. For Medical Ottoen of Heakh, 
Sanitary lupectors, licasben of Sanitary Autfaorities* ftc By Bdwakd 
F. WiujOUGHBT, M J>. (Lond.X Ac. Scoood BditiaB, Reviaed and Eolatnd. 
Fca^ Itpo. leather Net 10/6 

-A afas ofcoadMMd inlomMiaa of apsikMBtMdeMMkted. TIm variom aB^ects 
of «kicb it CRtts bailiff ncoBctly bot ftiJlT and soMOfkaliy dc^ «lKh.-—rw Zmm. 

- Wc vBcanmcad al thoM ansagvd m pcacxkal saafeuj wwk to fiuaidi itiwiiiliii wUi a 
copjr for l ofaiMC O i"— N 5aiM/ fy y»ummL 



RiDKAL, D.Sc LoimL, F.I.C. Second 
niuBcrom lUnstratioiu and Tables. 
If*t 9/0 



THE WATER SUPPLY OP T0WN5 AND THE CON- 
STRUCTION OP WATBR- WORKS. 

By PsorssesoB W. IL BmrroM, A.M.Ijist.CB. Seoood Sditkn, Rented 
and Krtrnded Royal Siro, doth. (See page Z2.) .... £t 6a. 

THE WATER SUPPLY OF CIT1E5 AND TOWNS. 

By WiLLtAM HuMBBX, A.M.Imt.CK., and M.Iait.lf.S lap. 4to. hatf- 
boond n ofocoo. (See page x2.) Ntt dB6 6ft. 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Anthorities,_Saaitary Officers, and othen 
intcreited in Water Saooly. By S. Rio 
Edition, Revised, with Adaitions, indoding 
^Larxe Crown Svo, cloth .... 

RURAL WATER SUPPLY. 

A Practical Handbook on the Scpply of Water and Constraction of Water- 
works for Small Conntrr Districts. By Amur Gbbbnwbll, A.M.I. C.E., 
and W. T. Cukkt, A.M.I.CE. Revised Edition. Ckown Sto, ckth 6/0 

WATER ENQINEERINQ. 

A Practical Treatise on the Measnrement, Storage, Comrevanoe. and Utilisa- 
tion of Water far the Supply of Towns. By C. Slacg, A. M.Init.C.E. 7/6 

THE PURIFICATION OF SEWAGE. 

Being a Brief Aooonnt of the Scientific Prin ci p les of Sewage Purification, and 
their Practical AppUcation. By Sidnky Bakwiss, M.D. (Lond.). B Sc., 
M.R.CS.. D.P.H. (Camb.X Fellow of the Sanitary Institute. Medkal OIBoer 
of Health to the Derbyshire County Council. Second Edition, Revised and 
Enlarged, with an Appendix on the Analysis of Sewage and Sewage Effluents. 
With numerous Illustrations and Diagrams. Demy Svo, cloth. Ar/ 10/6 

Summary of Contents : — sewage : its Natcre and compositiow.— Thb 
Chemistry OF Sewage.— Varieties OF sewage and the Changes it Undergoes.— 
River pollution and its Effects.— The Land Treatment of sewage.— Precipi- 
tation, PRECiriTANTS. AND TANKS.— THE LiyUEF ACTION OF SEWAGE.— PRINCIPLES 
IhVOLVED IN THE OXIDATION OF SEWAGE.— ARTIFICIAL PROCESSES OF PURIFICATION.— 
AUTOMATIC DISTRIBUTORS AND SPECIAL FILTERS.— PARTICULARS OF SEWBRACB AND 
SRWAGb DISPOSAL SCHEMES RE^UlRBD BY LOCAL GOVERNMBNT BOARD.— USEFUL 
ViKTK,—A^entiix : THE APPARATUS REQUIRBD FOR SBWAGB ANALYSIS.— STANDARD 
SOLUTIONS USED IN THB METHOD OF SBWAGB ANALYSIS.— ra^/rr : ESTIMATION op 
AMMONIA.— NlTKOGBN AS NITRATES.— INCUBATOR TEST, OXYCBM ABSORBBIX— TO 
CONVERT GRAINS PER GALLON TO PARTS PBR lOO,ooa 

" The book «ill tte of use to those who are rc&ponsibte for dtrcctios^ and advising on the 
tieatinent of sewaife. The infonnation furnished, as a whole, is reasonably accurate and up^CMlate." 
— Saturtm 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charlbs Slagc, A.M.Inst.C.E. Third Edition, Enlarged. Crown 



8vo, cloth 



ayo 



•• Til is is a very useful book. There is a gjreat deal of work required to be done in the 
smaller towns and vilUijcs. and this little volume will help those who arc wiUinc to ^^ \X.*^Buiidtr. 

VENTILATION: 

A Text-Book to the Practice of the Art of Ventilating Buildings. By W. P. 
BucHAN. . With 170 illustrations., Crpwn 8vo, cloth .... 3/6 
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CARPENTRY, TIMBER, ETC. 



PRACTICAL FORESTRY. 

Aad its Bearing on the Inprovcment of Eiftet. By Cm^wim S. CintTit, 
F.S.I., Professor of Forestry, Flitld Engineering, and Genaal Estate 
Management, at the College of Agricoltnre, Downton. Second Edition, 
Revised. Crown Bvo, doth 3/6 

PRBFATOftY RBMARKS.— OBJSCTS Of PLAimNG. — CHOICB OP A FOUtSTBJL — 

Choicb op soil and srnL— Laying out op Land por plantations.— prbpakation 

OP THB GROUND POR PLANTING.— DRAIMACB.—PXjarriNC.—DlSTANCBS AND DiSTRI- 

svnoN OP trbbs in plantations.— Trbbs and Ground Game.— attbntion aptbr 
PLANTING.— Thinning op Plantations. — pruning op forbst trbbs.— Rbauzation. 

— methods op SALB.— MBASURBMBNT op TiMBBR.— MBASURBMBNT AND VALUATION 

or Larch plantation.- Firb Linbs.— Cost op planting. 

"Mr. Curtis hu In the coune of a teriM of ihoct pithjr chapten effMded mnch faifoniu^ 
tlon of a uaeAil and practical chaiacter oo the planting and aubaeqaant tteacmaat of traas.*— 
Ohutraitd Cmrptmur and BuUdtr. 

WOODWORKING MACHINERY. 

lu Rise, Progress, and Construction. With Hinu on the Mana^eflaent of Saw 
Mi)ls and the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, Frenchijuid American Engineers. By 
M. Powis Balb, M.Inst.C.E., M.I.Mecfa.B. Second Edition, Revised, 
with large Additions, large crown 8vo, 440 pp., cloth .... 9/0 

** Mr Bala la ovklaiitlT an expert oa the mbrlect, and ho haa coBec t ed 10 mnch faiibnnatlan 
that his book la aU-suAclent for buildan and othan engagad In the coovanton of tlmbor."— ^reMter. 
"Tha Doct comprabauive coin pand fa ini of wood-wocUac machtnaiy «• have Man. The 
is a thoraucb aaaatar af hto Mb)oet."-«MtfUifvA'« 



SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of 
Timber. By M. Powis Balb, M.Inst.C.E., M.I.Mech.E. Second Edition, 
Revised. Crown 8vo, cloth 10/B 

•* The mimtmistrmHoH of a lai|« sawtaiff agtahllihinant la dhcomad, aad tha mUact azamlnad 
from a financial standpoint. Hanca tha siaa, tlittM, oidar, and dkpoaMflo of saw ndlib and tha Mka 
datoll. and tha coona of tha ttanbar to tiaoad from ita aacapiloa to tta daM>ai» in hi 
Wa couid not rtii^ia a moaa complata or practteat 1 



are gone Into In < 



THE ELEMENTARY PRINCIPLES OP CARPENTRY. 

A Treatise on the Pressure and Eqnilibrium of Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Rools, Uniting 
Iron and Stone with Timber, ftc To which is added an &^y on the Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Building ; also numerous Tables of the Scantlings of Timber for different 
purposes, the Spedfic Gravities of Materials, ftc By Thomas T rbdgold, C. E. 
with an Appendix of Specimens of Various Rooifs of Iron and Stone, lUns* 
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by 
E. Wyndham Tarn, M.A., Author of "The Science of Building," &c 
With 6z Plates, Portrait of this Author, and several Woodcuu. In One large 
VoL, 4to, doth £1 Sa. 

**Oiictit to bo in avanr archltact's and avarf boiidar't llbnry."— A(<U«r. 

**A work whofo monumental axcaOanca mutt command It w hai of ai ikOftil caip a ntr y to 
L Tha author's pftedplas are rather confiimad than fanpaitad bjr tiaia. The addlttfwial 
of gioat taitrinilc vahia."— ^tiAMnr Nt^n. 



THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpenters ; comprising all_the Elementary Prindples 
itial for acquiring a knowledge of Caipentry, 



Founded on the late Pstsk 
N icholson's standard work. A~Kew E^tion,'Reviaed by Akthdk Asmpitxl, 
F.S.A. Together with Practical Rules on Drawing, by Gbobcb Ptnb. 
With 74 PlaMs, 4to, doth £1 1 •• 

CARPENTRY AND JOINERY— 

The Elementary Principles of Carpentry. Chiefly composed from the 
Standard Work of T. Trbdoold. With Additions and a Treatise on 
Joinery by E. W. Tarn, M.A. Eighth Edition. Crown 8vo, cloth 3/6 

Atlas of 3S Plates to accompany and illustrate the foregoing book. 

With Descriptive Letterpress. Ato 6/0 

" These two volunias fonn a complete treasury of carpentry and joinery and should be m 
the hands of evafy carpenter and joiner In tha Empire.**— /rvM. 
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ROOF CARPENTRY: 

Practical Lessons In the Framing of Wood Roofs. For the use of Working 
Carpenters. By Geo. Collings. Crown 8vo, cloth .... 2/0 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A practical Treatise on Circular Work of Single and Double Curvature. 
By GsoRGB CoLXiNGS. Fourth Edition. Crown 8vo, cloth . . 2/6 
"Cheap in price, dear in definition, and practical in the examples selected."— ^mVt&r. 

HANDRAILINQ COMPLBTB IN EIGHT LESSONS. 

Oo the S<iiiare-Cat Syttem. By J. S. GourrHOSP, Teacher of Geometry 

and Building Construction at the Halifax Mechanics' Institute. VHth Eight 

Plates and over 150 Practical Exercises. 4to, doth .... 3/6 

" Ukelr to be of cooaldanbla vahM to JotaMis and ottaan who take a pride la (ood wofk. 
Wer - - . - 



The anancvment of tho book li wceBanC We heaitOy commend It to 

PRACTICAL TREATISE ON HANDRAILINQ: 

Showing New and Simple Methods. By Geo. Collimgs. Third Edition, 
Including a Treatise on Stairbtiildlng. Crown 8vo, cloth . . . 2/6 
"Of practical utility in the execution of this difficult branch of joinery.**— i?M^/i/(fr. 

THE CABINET-MAKER'S GUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINBT WORK. 

By RiCHAKD BiiMBAD. Illustrated with Plans, Sections and Working 
Dnwiogs. Crown 8vo, cloth 2/b 

THE JOINTS MADE AND USED BY BUILDERS. 

By W. J. Christy. With 160 Woodcuts. Crown 8vo, cloth . . 3/0 
" The work is deserving of high commendation."— fMiVt/er. 

TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 

BUILDER'S STANDARD QUIDB. 

By R. E. Grandy. Crown 8vo, cloth 2/0 

" Everything it pretends to be : built up greduallv. it leads one from a forest to a treenail, and 
throws in, as a maxeweight, a host of material concerning bricks, columns, cisterns, &c." — English 
Mechanie, 

TIMBER MERCHANT'S and BUILDER'S COMPANION. 

Containing New and Cofrions Tables of the Reduced Weight and Measure* 

ment of Deals and Battens, of all sizes, and other Useful Tables for the use of 

Timbtf Merchants and Builders. By William Dowsing. Fifth Edition, 

Revised and Corrected. Crown 8vo, doth 3/0 

*■ We are glad to tee a fourth edltloa of these admirable tables, which for c one ctn ess and 
•ImpHclty of amogement leave nothing to be desiied. "— Timbtr Trmdtt ymtammk 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Contractors, Surveyors, Builders, ftc, 
comprising useful Tables for all purposes connected with the Timber Trade, 
MarKS of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richakdson. Second Edition. Fcap. 8vo, cloth . 8/6 

" This handy manual contains much valuable infonnatlon for the use of timber merchants, 
IwlklerB, fores t e r s, and all others connected with the growth, sale, and manufKture of timber. "— 
JwmrtuU ^f F»rtstry. 

PACKINQ-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 

indies square and upwards. By W. Richardson, Timber Broker. Fourth 

Edition. Oblong 410, cloth 3/6 

** Invaluable labour-savhiK tables."— /rMiMMfv**'. 
'* Will save much labour and calculation."— Crorrr. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i to 200 inches in length, by i to 108 inches in breadth. 

For the use of Architects, Survryors, Engineers, Timber Merchants, 

Builders, &c. By J. Hawkings. Fifth Edition. Crown 8 vo, cloth . 3/6 

"These tables will be found of preat arsUtance to all who require to make calculations 
of superficial measurement."— ^^x'/rj A Afechauic. 



DBCORATIVS 4BTS, «<. 
DECORATIVE ARTS, ETC. 



SCHOOL OP PAINTINO FOR THE IMITATION OF 

WOODS AND MARBLES. 

ii Tui(bt ud PncdHd by A. R. Vui Dm Bdm ind P. Vxh Dm Bdm, 



Dinclonof Ibe Rntedui Ptiaiina InshDliiiii. Harti folio, iB|bf iiiiii,) 
n Coloond FlK« ; mlia ii plain Plwn, nmpc^bif 



with 14 foll-a 



auuni WILD 34 injJ-«m i^oi^nna r-jana i aixi ii puin ruuH, COfnpruinf 
Fignm. Fnanh Edidon.doUi. ... jV<< £1 Bs. 



HOUSE PAINTINQ, QRAININQ, MARBLINQ, AND 

Sian WRITINQ: 
Wilh a Course of Elemtnlary Drawing, anda Collection of Uwful Receipts. 
By B. A. DavjD!,dn, Ninib Edition. Coloured PlalH. Cr.Svo.cloIb. j/O 
■.* The alKBi. in cleth boardt, ilrongly toanif, 0(0- 

CEV. Cr, BvD, elDih 3/0 

PRACTICAL HOUSE DECORATION. 

A Guide (o the Art of Ornamental Painting, Ihe amngemenl of Colours la 
Apartmeuls, and Ihe PrlDclple? of I>eco[allVB Design. By Jaues W. 

Facev. Crown Svo,clotb .218 

•,' Thf ha laa watts in Ow AanJiom. Vol., half-bound. tnlilM "HouM 

DkOBATION, ELKUIMTAItlf *»D PRACTICAI," prUl 8(0- 

ORNAMENTAL ALPHABETS, ANCIENT ft MEDIiCVAL. 

Fnn ih* Eigbih Comry, viib Nnnoalt; inclDding Gotbic. Cliiin:h-TEii, 
Urffi ani small, Gttrman, Italian, Arabeiqqa, Initials for lllomuiauoo, 
UoDOCrams, Ciualca, Ac, for the dJe of Ardiicectnral and KDEineerini 
DraagDUnKQ, Hissal Painlen, Masons, Decoraiive Pajnieti, Liihuirmphcn, 

and primed is C^oon.' Naw aad Cbtuai Kilidoa. Kml In, oblana! 
onwmcnul boards 216 
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MODERN ALPHABETS, PLAIN AND ORNAMENTAU 

Indmiing German, Old English, Saxon, Italic, Penpecttye, Graek, Hebrew, 
Court Hand iLnproHing, luacaa. Riband, Gothic, Rostic, and Arabesque; 
with •everal Original Ooigns, and an Analysts oC the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Drani^tsaien, 
Snrrevocs, Masons, Decorative Pfunters, Lithographers. Kngr a f ers , Carrers, 
ftc. Collected and iLngraved by F. Dslamotts, ana printed in Coloon. 
New aiKl Cheaper Edition. Roiml Svo, oblung, omamentsu boards . 2/6 

*'Tbara to com prtwd in It avwy poMltale diape loco which the tacmn of the akihalMt sad 
namarab can ba Ibnnad, and tha talaot wUch has oaan aspanded la dM eaaoapdoa otthe vaitoas 
plain and ocnamantd lactan to mondimhd. "—Stmndmrd. 

MEDli4BVAL ALPHABETS AND INITIALS. 

By F. G. DsLAMOTTk. Containing si Plates and lUonunated Title, printed 

in Gold and Colours. With an introduction by J. W1L1.IS Bkooks. Fifth 

Edition. Small 410, ornamental boards Ntt 6/0 

' A votuma hi whkh tha lanan of tha alphabat ooom forth gVxttad la ittdtaig and all the 
ooloofi of tha pttom Intarvovan and IntoRwinad and tattanmnglad.''— J»wfi. 

A PRIMER OF THE ART OP ILLUMINATION. 

For the Use ot Beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for iu Exercise, and Examples taken from Illuminated MSS., 
printed in Gold and Colours. By F. Dblamottb. New and Chffapw 
Edition. Small 4to, ornamental boards O/Q 



" Tha esamplea of anciaat MSS. raconmandad to tha Mudaot, which, with much good \ 
tha author chooaas fram coUac t lona accaaubia to all. are lalactad with iudcmant and knowladga as 

THE EMBROIDERER'S BOOK OP DESIGN. 

Containing Initials^ Emblems, Cyphers, Monograms, Ornamental Bonieit| 

Ecclesiastical Devices, Medimval and Modem Alphabets, and National 

Emblems. Collected by F. Dclamottb, and printed in Colours. Oblong 

royal Bvo, ornamental wrapper Ntt 2/0 

" Tha book wU ba of gvaat aaantanra to todlas and jroung ehlldraa who aia aadowed wItt 
the aR of piylnc the naad l a in thto moat omamantal and luaful piacty work."— iiAr< Anfiimn TUmes, 



MARBLE DECORATION 

.\nd the Termmology of British and Foreign Marbles. A Handbook for 
Students. By Gborob U. BLacaovB, Autnor oi " ^**'^"g and iu Applica- 
tion, " ftc. With sA Illustrations. Crown 8vo, cloth .... 8/6 
"Thli moat nsahU and aach waacad haadhook Aoold ba la the hands g< 

'A carafuUir ana uaaniliv witttad taeatua ; tha work to amantlaUf 



THE DECORATOR'5 A55I5TANT. 

A Modem Guide for Decorative Artists and Amateurs, Painters, Writers, 
Gilders, &c. Containing upwards of 600 Receipu, Rules, and Instructions ; 
with a variety of Information for General Work connected with every Class of 
Interior and Exterior Decorations, &c. Eighth Edition. Cr. dvo "} /Q 

" FaB of foceipcs of vaiua to docoraton. paintark, gUdan, Jk. Tha book contains the ipic of 
laqpar troaosas 00 cokiur and technical proceaaaa. It woukl ba daf&cuJt to maac wnh a wotk to fdl 
of varied infofmation 00 the patntet't •Mt.''—RmUiHg AInw. 

GRAMMAR OF COLOURING. 

Applied to Decorative Painting and the Arts. By G. Field. New Edition, 
enlarged by E. A. Davidson. With Coloured Plates. Crown 8vo, cloth 3/0 
" The book is the most useful re'sum/of the properties of pt|{ments."— ^Mi/i/^r. 

ART OF LETTER PAINTING MADE EASY. 

By J. G. Badenoch. With la full-page Engravings of Examples. Cr. 8vo 1 /6 

" Any intelligent laid who fails to turn out decent work after studying this system has 
mistaken his vocAtion."— /:'/iv/i.rA Mechanic. 



DECORATIVE ARTS, S-c, 
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PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including 
Fresco, Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth 
Edition. Crown 8vo, cloth 5/0 

*** AdopUd as a Pritt Book at South Kensington. 

" Much may be learned, even by those who fancy they do not require to be taught, from the 
careful perusal of this unpretending but comprehensive treatise." — Art youmal. 

QLAS5 STAINING, AND PAINTING ON GLA55. 

From the German of Dr. Gessbrt and Emanuel Otto FrombbrCi With 
an Appendix on The Art of Enamelling. Crown 8vo, cloth . . 2/6 

WOOD-CAKVINQ FOR AMATEURS. 

With Hinu on Design. Bv A Laov. With xo Plates. New and Cheapei 

Edition. Crown 8vo, in emblemadc wrapper 2/0 

" The bandkraft of the wood-earvar. 10 wall at a book can Impan 11. nay l>e learnt from * A 
Lady's pu b li c a t ioii. "-^Atkant n t m . 



NATURAL SCIENCE, ETC. 



THE VISIBLE UNIVERSE. 

Cbainerk 00 tne Origin and Constracuoa of the Heaveo*. By J. S. Go*m, 
F.K.A.S., Author of ^' Star Groops," &c Illustrated by 6 Stellar Phocosraphi 
and IS Plates. Demy 8vo, doth 1 0/O 

STAR GROUPS. 

A, Studeot's Guide to the Coastellauooa. By J. ILxxMxa Goas, F.R.A.S., 
M.R.i.A., &c, Author of "The Visible Universe," "The Scenery of the 
Heavens." &c With 30 Maps. Small 4to, cloth fl/0 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interesting Celestial Obiects. By J. Kllard Gorr, 
F.R.A.S.. Author of " The Visible Univerae," ftc. Small crown 8vo, cloth. 

2/6 

ASTRONOMY. 

By the late Rev. R. Main, M.A., F.RS. Third Edition, revised by 
WILLIAM Thynnr Lynn, B. A., F.RA.S. Crown 8vo, cloth . 2/0 

"A sound aod simple treatise, very carefully edited, and a capital book for beeiimers."— 
Knowtedge. 

THE MICROSCOPE. 

luCofiMruction and Maaagement. Including Technique. Ptiuco-microgra|ihy, 
and the Past and Future of the Microscope. By Dr. Henri van Hborck. 
Re- Edited and Augmented firom the Fourth French Edition, and T r a nsl a t ed 
by WvNNS E. Baxtb«, F.G.S. Imp. Bvo, cloth .... 18/0 

MANUAL OF THE MOLLUSC A : 

A Treatise on Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates 

and 300 Woodcuts. Crown 8vo, cloth 7/6 

" A storehouse of concbological and geological infoniiation."— //arxfi^ritr'x Science G*ssip. 

THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concord. 
By G. W. V. LB Vaox. 8vo, cloth 0/0 

LARDNER'S HANDBOOKS OF SCIENCE. 
HANDBOOK OP MECHANICS. 

Enlarged and re-written by B. Lobwt, F.R.A.S. Post 8vo, cloth . 0/0 

HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 

Revised and Enlarged by B. Lobwv, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OP HEAT. 



Edited and re-written by B. Lnitwv. F.R.A.S. Post 8vo. cloth 



6/0 
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LARDNER'S HANDBOOKS OP SClBSCB-^ontinwd. 
HANDBOOK OP OPTICS. 

New Edition. Editedby T.OlvxkHakdin6.B.A. Small 8vo, doth 6/0 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

Kdited by GBa C Fostbk, B.A. Small Siro, cloth .... B/O 

HANDBOOK OP ASTRONOMY. 

. Revited and Edited by Edwin DoMxiN, F.R.A.S. Bto, doth . . 9/6 

MUSEUM OP SCIENCE AND ART. 

With npwards of z,aoo Engnmngs. In Six Doable Volnmca, £1 1 s, Clotht 
or half -moroooo mi lis. 6o. 

NATURAL PHILOSOPHY POR SCHOOLS . . 3/6 
ANIMAL PHYSIOLOGY POR SCHOOLS . 3/6 

THE ELECTRIC TELEGRAPH. 

Revised by E. B. Bkigrt, F.R.A.S. Fcap. Bvo, doth 2/6 



CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 



A POCKET-BOOK OP MENSURATION AND OAUQINO. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants. &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. z8mo, leather 4/0 



Should be !n the hands of evwy practical bf«««r.''—Jtviiwrr TV 



THE OIL FIELDS OP RUSSIA AND THE RUSSIAN 

PETROLEUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Properties, including Notes on the Origin of Petroleum in 
Russia, a Description of the Theory and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. BsEBV Thompson, A.M.LM.E.^ late Chief Engineer and Manager of the , 

European Petroleum Company's Russian Oil Properties. About 500 pp.. with | 

numerous Illustrations and Photc^raphic Plates, and a Map of the Balaknany* 1 

Saboontchy-Romany Oil Field. Super-royal 8vo, cloth . . N*i £3 S«. 

" A careful and comprehensive study of the conditions of the industry. The work is very 
valuable, and should undoubtedly be the standard authority on Baku for some time to come.**— 
Mining JoMmal. 1 

THE ANALYSIS OP OILS AND ALLIED SUBSTANCES. 

Bt A. C Wkight, M.A.Oxon., B.ScLond., formerly Assistant Lecturer in i 

Chemistry at the Yorkshire College, Leeds, «ul Lecturer in Chemistry at the j 

Hull Technical School. Demy 8vo, cloth Ast O/O 

A HANDYBOOK POR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. ^ Embracing the 
Conclusions of Modern Research which bear upon the Practice of Brewing. 
By Hbkbbrt Edwakds Wkight, M.A. Second Edition, Enlarged. Crown 
Bvo, 530 pp., cloth 1 2/6 

** May be consulted with advantage by the student who is pieparing himself for eyamhiarioari 
tests, whDe the scientific brewer will find in It a risumd of all the most impoitaitf <UacovKles of 
modem times. The work is written throughout In a dear and coociao manner, and the authoc 
takes K>eat case to discriminate be t wee n vague theories and wall-esubUshed ftcts.**— Jfrvwcn* 

* ' We have great pleasure bi recommending this handy book, and have no hesitation In aaytag 
that It ta one of the beat— if not the bast— which has yet been written on the subject of bi 
in this countiy ; It ihould have a place on the shelves of every brewer's ttbraiy.* 



I 



CHEMICAL MANUPACTURBS, CHEMISTRY, 6«. 43 
THE QAS ENQINEER'S POCKET-BOOK« 

Comprising Tables, Notes and M em o r anda relating to the ManofKtnre, 
Distribation and Use of Coal Gas and the Constmctioa of Gas Works. B> 
H. O'ComfOB, A.M.InBt.C.E. Second Edition, Revised. 470 pp., crown 8vo, 
folly Illustrated, leather 10/6 

"TbafaookeontidiisaTasCaiDoaiitof Inibnnatlon. The aiitlMr Met consacvthraljr tliraagb 
the «i(tattering details and pcactkal mathods Uiv<rfTC<l In each of the diffarant procataaa or paiti 
of a gai-worki. Ho hM coftatnly socceedod In wmidag a compllatloa of hara mattan of^ Iha 
abaohitdy Interattinff to vead.*--<^ lV«rUL. 

"The TolioM contahia a gvaat Quantity of BpeclaHaod tafotnatioa, complM, we balleve, Irnb 
tnatwofthr aourcaa, which ahould aako It of conaklarable vafaie to those foe wImnb It la apedacaOy 
pndnced. — i7iviMtf«r. 

LIQHTINQ BY ACETYLENE 

Generators, Burners, and Electric Fomaoes. By William E. Gibbs, M.B. 
With 66 lUostrations. Crown 8vo, cloth 7/6 

BNQINEERINQ CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters. Iron Founders, Students and others. Comprisinf; Methods of Analysis 
and Valuation of the Principal Materials used in Engmeering Work, with 
numerous Analyses^ Exam^es and Suggestions. By H. Joshua Phillips, 
F.I.Cm F.C.S. Thud Edition, Revisedand Enlarged. Crown 8to, 4ao pp., 
with Plates and other Illustrations, cloth Nti 10/6 



** la this wofk the author has randevad no maD ■a r r k e to a anmovoas bodjr of pnctkal 
■MB. . . . The analytical methoda nuw be pronouncod moat aadMhctoiy, bolng aa accuiate aa the 
daapatch requlrad of anglnaorinff chonnta pennha."— OkMWfai/ Ntms, 

" The analytical methods glTon aie, ai a whole, such aa aie Ukely to give lapld and tiuat- 
worthy results hi expeilenced hands. . . . There Is nnicn escoOaat daacrfptlTe matter In the work 
the chapMr on 'Oik and Lubdcatloo'beinff specially noticeable la thk I " ~ 



N1TR0-EXPL051VE5. 

A Practical Treatise concerning the Properties, Manufacture, and Analysis 
of Nitrated Substances, includaog the Fulminates, Smokeless Powders, and 
Celluloid. By P. Gbkald SanpobDj F. I.C, Consulting Chemist to the Cotton 
Powder Company, Limited, ft& With lUostrations. Crown 8vo, cloth. 0/0 

'*One kA the very few text-books fai which can be found Just what b wanted. Mr. Sanfovd 
goes steedOy through the whole Hat of ezploslvea coaunonhr oaed, he names any gtvae esploalTe, 
and teUa ns of what it Is c omposed and how It Is man u fo ctur ea. The book Is mwrnmBX^-^ngi* 



A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of Dynamite. Gun-Cotton, 

Nttro-Glycerine and other Explosive Compounds, indnoing Collodioo-Cottoo. 

With Chapters <m Explosives m Practical Application. By M. Eisslbb, M.E. 

Second Edition, Enlarged. Crown 8vo doth 1 2/6 

" A veritable mine of Informadon on the subject of exploslvea employed for mllltaiy, mfaUny, 
and blasting purposes."— ^rwtj' mndNttwy GuMtttt, 



DANGEROUS GOODS. 

Their Sources and Properties, Modes of Storage and Transport With Notes 
and Comments 00 Acddrnts arising therefrom. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, && By H. Joshua 
Phillips, F.I.C. F.C.S. Crown 8vo, 374 pp., doth .... 9/0 
" Merita e wide dicnlattoo, and an InteUgont, appaadathre study.*— Oiiwftfl/ Nnu. 

A MANUAL OP THE ALKALI TRADE. 

Induding the Manufticture of Sulphuric Add, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer. With as* Illustrations 
and Working Jjrawings. Second Edition, with Additions. Snper>royal 8vo, 

doth dSI IOb. 

** We find not merdy a sound and luminous explanation of the chemical prindplas of the 
trade, but a notice of numerous matters which have a most Important bearing on the successful 
conduct of alkali works, but which are generally overlooked bf even espertanced technological 
authors. "—CAfntrfte; Rgvitw. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, Etc. 

Ccmtaining all known Methods of Anhydrous Analysis, many Working 
Examples, and Instructions for Making Apparatus. By Lieut -Colonel W. A. 
Ross, R.A., F.G.S. Second Edition, EnUu-ged. Crown Bvo, doth . 6/0 

** The student who goes consdentlouslv through the course of ezperhaeatatlon hose laid down 
win gain a better insight into inorganic chemistry and mineralogy than if be had * got up ' any of the 
best text-books of the day, and passed any nuniDer of examinations in their content*. '-Ulkemical 
AVwv. 
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THE MANUAL OP COLOURS AND DYB-WARBS. 

ApplSc ari ooa, Vafaudons, I 




For the Uw oT 
Second Kuitioiif 




ftc By J. W. Slai 
Crown Sto, doih . 7/6 
To 



THE ARTISTS' MANUAL OP PIQMBNTS. 

Sbowng ttadr Compodtion, Conditions of PennuMficjr, Noa>. ,„ _^„, 

Adalierations, ftc, with Teats of Parity. By H. C StamdaiGB. Thord 
Edition. Crown Bvo, cloth 2/0 

vfOwK IB OIkIBBU MnUBsHB •aM^fllS^WL SDfl ^PB ^SHa ^v^^B WIOQ CDB^^S^BC^L ■■BB^B^BHBn ■ nB 



INDUSTRIAL ARTS, TRADES, AND 

MANUFACTURES. 



THE CULTIVATION AND PREPARATION OF PARA 

RUBBER. 

By W. H. JoHNSOK, F.L.S., F R.H.S., Dizector of Agricultnrr, Gold Coui 
Colony, West Africa, Commurioned by Government in 190s to visit Ceylon to 
Study the Methods employed there in the Cultivation and Piepantioa of 
Para Rubber and other Agricultural Staples fcr Maricet, with a view to Intro> 
duce them into West Africa. Demy 8vo, cloth .... Net 7/0 
SuMMAKv UP Contents : — iNrRODUCToav. —THB Para Rubbbr Trbb (/Trw* 

brmsiltensii) AX HOMB AND ABROAD.— CULTIVATION OP THB TR£B :— PROPACATION.— 

Sits for Plantation.— Distance apart to Plant thb Trbe&— Transplamting.— 

CL'LTIVAIION. — INSP.CT PiiSTS AND FUNGOID DISEASES.— COLLBCTING THB RUBBER: 

— Variol'!» Mkihuus Employed in Tapping Rubber Trees. — Flow op Latbx 
inckbaseu bv wuunding tub trbb.— how to tap.— the preparation of rubbbr 
FROM THB LATkX:—l-AiHX-— Various Methods Employed in thr preparation op 
Rubber.— Slggbsi'bd mkthod for preparing Rubber.- scrap Rubbbr.- Yiblo op 
Para ruhbhk from Ci'ltivated Trees :—Cevlon.— Malay Peninsula.— Colo Coast. 
Wp.st AFRICA-— Establishment and Maintenance of a Para Rubber Plantation :— 
Ceylon.- Malay Peninsula.— Commercial Value of the Oil in Hevba Sbbo6. 

" T)ie Author <locs not claim that the book is more ttian a coUection of inrormatioa gathered 
from various sources ; as such it is excellent, and will undoubtedly serve a very itteful puipose."— » 
India Ktibber JfiHmai. 

RUBBER HAND STAMPS 

And the Manipoiation of Rubber. A Practical Treatise 00 the ManuCsctareol 
f ndiArubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Sloans, A^Mm 
Ph.D: With numerous Illustrations. Square 8vo, doth. . S/0 

PRACTICAL PAPER-MAKING. 

A Manual for Paper-Makers and Owners and Managers of Paper-MiUs. With 
Tables, Calculations, ftc. By G. Clappbrton, Paper-Maker. With Illna- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth fl/Q 

" The author catara for the requitamenta 
his manual wfD ba found ofjmat senrica to itu 
makers and mill ownen. Ine ilhistiackMu fMm 

Xn-irw. 

THE ART OP PAPBR-MAKINQ. 

A Practical Handbook of the Manufacture of Paper from Rags, , 

Straw, and other Fibrous Materials. Including the Manufacture of Pulp 
Wood Fibre, with a Description of the Machinery and Appliances used, 
whkh are added Details of Processes for Recovering Soda from Waste 
By Alsxandbr Watt. With Illustrations. Crown 8vo, cloth . 

** It mar be ranrded as the tundard work on tha subject. The book b IbD of 
information. The 'Art of Papar-Maldnff' b hi every raapact a nodal of a test-buok. 
technical cUh. or for the private ttudant. — /Vi^«r mnd PrinUttg Trrndts ypttmmi. 



Ota of tesponslble miU haods. appfaatkea. 
itudants of ta c bnology. aa watt as to ve|« 
eacaHant Csatuie."— Dte tV^rU's 



fron 
To 



7/S 



A TREATISE ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; r*^*— pi^tt 
Tables of Sixes, and Specimens of Different Ktncb of Paper. By Richabd 
P A R K I NSON, late of the Manchester Technical School. Demy 8vo, ckith S/6 
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THE ART OP 50AP-MAKINQ. 

A PracUcaJ Handbook of the Manofacture of Haid and Soft Soaps, Toilm 
Soapt, &C. Including many New Procesaes, and a Chapter oo the Recovery of 
Glycerine from Waste Leyi. By Albxandbr Watt. Sixth Edition, 
induding an Appendix on Modem Candlemaking. Crown 8vo, cloth 7/6 

** A thoffDughly practical traattee. Wa coofraktilate thaauthorcm thra auccaaa ol hto aadea*(Nit 
fin a void in Eng&sh tachakal tttantura."-^A'MMr«. 

"The wofk will prove vaiy uaaAil, not meraljr to the technoiogfcal ttudont, but to tb» 
■p boHar who wiiliaa to uadantand the thaoiy of lik un."—<:hem4emi Ntwt. 



PRACTICAL TANNING. 

A Handhook of Modem Procesaes, Receipts, and Suggestions for the Treatment 
of Hides, Skins, and Pelts of every Description. By L. A. Flbmming, 
American Tanner. 473 pages. 8vo, doth Nti 20/0 

THE ART OP LEATHER MANUPACTURE. 

A Practical Handbook, in which the Operations of Tanning, Currying and 
Leather Dressing are fuller Described, and the Princides of Tanning Bxplained. 
Together with a Description of the Arts of Glue Boilinft, Gut Dressing, ftc 
By Albxandbr Watt. Fifth Edition, thoroughly Revised and Enlarged, 
8vo, cloth Nearly ready. Prtct about 1 0/6 m'^ 



** A sooad. coraprehandva traatiaa on tanning and Its ■ccaaaotlaa. Tba booli b an 
valaaUo production, which ladoondi to tha craoit of both author and pu bMah a n ."— CA « w<» a/ 

ART OF BOOT AND SHOEMAKINO, 

Including Measurement, Last-fitting, Cutting-out, Closing and Making 
with a Description of the most Approved Machinery employed. By J. B. 

Lbno. Crown 8vo, cloth 2/0 

" By iar the best worK ever written on the subject."— Sr^Mf A Leathtr Trader. 

COTTON MANUPACTURE. 

A Manual of Practical Instmction of the Processes of Opening. Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives, Overlookers, and ManufacttirerL 
By John Listbr, Tecnni^ial Instructor, Pendleton. Bvo, cloth 7/6 

** A distinct advance in the Uteratttre of cotton manafacaaaa."— Jfe^AiVitfOf. 

" It It thoroughly raHabla. ftilfiUteg neatly aU the roqiilnniants de8hred.">(;^j^«w HeraU. 

WATCH REPAIRING, CLEANING, AND ADJUSTING. 

A Practical Handbook dealing with the Materials and Tools Used, and the 
Methods of Repairing, Cleaning, Altering, and Adjusting all kinds of English 
and Foreign Watches, Repeaters, Chronographs, and Marine Chronometers. 
F. J. Garrard, Springer and Adjuster of Marine Chronometers and Deck 
batches for the Admiralty. With over 300 Illustrations. Crown 8vo, cloth. 

N*t 4/6 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunibr. ex-Director of the School 
of Horology at MaccNi, by Julibn Tripplin, F.R.A.S^^ Besancon Watch 
Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. With 
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second 
Edition. Super-royal 8vo, £2 2s. doth ; half-calf . . dS2 1 Da. 

" Than la no horologlcal work In the Engllrii language at aU to be compaaad to thb produc. 
doB of M. Sauniar'B for deameM and completenan. It la alike good as a guide for the ttudent and 
as a lefaimca for the expefiencad horologist and tklDed workman. "-^araAyifla/ y«H*nat. 

"The latest, the moat complete, and the most leUable of thooa lltarary pto du ctioaa to which 
ccrttnental watchmaken are Inoebted for the mechanical lopeiloflty ovar their Engliah brothian 
—la fact, the Book of Books Is M. Sauniar'a • TraatlaeL' "—WatckmoMtr^ ytweUtr, mmdSUvtramOk, 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watchmaking and 

the Allied Mechanical Arts. Translated from the French of Claudios 

Saunibr, and enlarged by Jcubm Tripplin, F.R.A.S., and Edward Rigg, 

M. A., Assayer in the Royal Mint. Fourth Sedition. Cr. Bvo, cloth . 9/0 

" Each past la truhr a traadse in Its^ Tha anangamant b good and the language la deer 
and concha. It b an a<unljabla guide fat the young watrhmakef . "—BnginHrttig. 



^. 
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CLOCKS, WATCHE5, & BELLS for PUBLIC PURPOSES 

A RudimenUnr Treatise. By Edmund Bbckbtt, Lord Grimthorpb 
LL.D., K.C., F.R.A.S. Eighth Editioa, with new List of Great Bells and 
an Appendix on Weathercocks. Crown 6vo, cloth .... 4/6 

*«* Th* abowt kamlsomtly bound. Cloth Boards, 6/6> 
** The best work on the fubject probably exUnL The treatise on bells bi undoubtedly the 
best !n the luifnagc^—JiMg^ituettHg: 

" The otuy luodem treatise on clock-nuking.''— /farg/tfjgiif/ yoummL 

HISTORY OP WATCHES & OTHER TIMEKEEPERS. 

By Jambs F. Kbndal, M.B.H. Inst. 1/6 boards ; or doth, gilt . 2/6 
**The best which has yet appaarad on this ■atject ta the English laacoaga."— AMiiulHkf. 



'Open the book wliefe you 
loldM 



th< 



matter h> it 



devices Of the andant or 

ELECTRO'PLATINO&ELECTRO'REFININQOPMETALS. 

Being a new edition of Albxandek Watt's " Ei.bctko-Dkpositiom." Re> 
Tised and Largely Rewritten by Aknold Phiup, B.Sc., A.LE.E., Piincipal 
Assistant to the Admiralty Chemist. Large Crown 8«o, cloth . Nsf 1 2/6 

•* Altogether the work can be highlv lecoauneaded to every alactio-platar, and is of va- 
d Intarast to every etactro-metallaint."— £/ecrr»r«/ Xtview. 
'Bminentiy a book for the pracifcal worlcer In electfo-dapoiitloD. It 
dcosof— thods, i i toc aaaai and materiah,a« actually pu w aad and used lathe 

Engineer» 

ELBCTROPLATINQ. 

A Practical Handbook on the Depositioa of Owper^ SDver, NKkel, Gold, 
Alnmininm, Brass, Platinnm, ftc, ftc By J. w. ubqumabt, C.E. Fifth 
Edition, Revised. Crown 8vo, cloth Q/Q 

** An CKoaOent practical maa»uL*—Bnfitutrimf. 

'* An aifwiflent work. ^Mam the newest Inioaaatiaa.'- 



ELECTRO-METALLURGY, 

Practically Treated. By Alexander Watt. Tenth Edition, enlarged and 
revised. With Additional Illustrations, and including the most Recent 

Processes. Crown 8vo, cloth 3/8 

" From this bouk Ixith amateur and artisan may leain everything necessary."— /r^N. 

GOLDSMITH'S HANDBOOK, 

Containing full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting, and Refining. The processes of Manipulation, 
Recovery of Waste, Chemical and Physical Properties of Gold ; Solders, 
Enamels, and other useful Rules and Recipes, &c. By Georgb £. Gbb, 

Sixth Edition. Crown 8vo, cloth 3/0 

" A good, found, teciinical ieA\xca.tOT."—lieroicgiiMi yturttmL 

SILVERSMITH'S HANDBOOK, 

On the same plan as the above. By George E. Gee. Third Edition. 
Crown 8vo, cloth 3/Q 

" A valuable sequel to the author's ' Practical Goldworker. "SiivcrsmHiu' Trmde younuU. 
*«* The two preceding Works, in One handsome Volume, half-bound, entitled 
** The Goldsmith's and Silversmith's Complete Handbook," 7/0* 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Sxparieooe 
of Thirty Years' Workshop Practice. By George £. Gbb. Crown 8vo. 7/0 
" ThIi manoal of technical aducatlon te apparently dettlned to be a valuable atuillary to a 
hmdlcralt which b cartahUy capable of great ImpRyvaBfanL"— 77k« Times, 



HALL-MARKiNQ OF JEWELLERY. 

Comprising an account of all the different Assay Towns of the United 
Kingdom, with the Stamps at present employed ; also the Laws relating to 
the Standards and Hall-marks at the various Assay Offices. By George E. 
Gee. Crown 8vo, cloth 3/0 

BLECTROTYPINQ. 

The Reprodnctioo and Mnltiplicadoo of Printing Scurftu:es and Works of An 
by the Elactro-Deposition of Metals. By J. W. Urquhart, C.E. Crown 8vo, 

cloth 5/0 

" The t>ook b thofoughly pnctkal ; the reader b, therefore, conducted through the leading 

law* olalactrkity, then through the oietab used by eicctrocypeis, the apparatus, and the (' 

procssiM. up to the final preparatioo of the work.^— ^rf yemnml. 



IHDVSTUIAI. AND aSBFOL ARTS. 47 

MECHANICAL DENTISTRY: 

A Prullca] TreallBc oa Ifac CanimicUon of the Vuloul Kladi o[ ARIScIbI 
Dcnlucea, comprlsine i1h> Useful Fomiutig, Tables aod RecdpU. Bt 
C.Hu»™. drown 8vo,clQ.h 9/6 

BRASS FOUNDER'5 MANUAL: 

w'g«»h°u. "crownSvo, clolh ..',..'..' .'2/6 

SHEET METAL WORKER'5 INSTRUCTOR. 

Compruini ■ SfllflOioD of GaometricaJ Prablani uid PiacticA] Rnla £« 
DcActibmiE the Vvioui Pkitenu Required by ZIdc, Shcet-lToa, Coppv. Kod 
Tin -Flue Worlun. hj Riuuh Himiv Waih, PiKiiial Tin-PlUa VaAa. 
New Edilioo, RenHd ud peuly Enluied bjr JoslrH G. Htnni, 
A.M.I.M.E. CFom Bt<i, iM pp.. with 4» tirnurUHiH, dstb . . T/S 

SHEET METAL-WORKER'S QUIDE. 

A Practical Handbooli for Tlasmlihs, Coppersmllhs, Zincworkers.ftc.wllh 
4(1 Diagrams and Working Patterns, BvW. J. E.Cwkst. Fourth Edillon. 
Crown 8vQ. CLolh . , . . ' 1/6 



QAS FITTINQ 

■ "" jidbooh. _. ,,. 

vo, doth 



Pracllcal Handbcxik. B^ John Black. Ravlw] Edition. With iw 
2* 



TEA MACHINERY AND TEA FACTORIES. 

A DeacHptive TioitiM 00 ihe Mechjiniail Appliucea teqnlied In th* 
Coltivuion of the Tea Plant and the PirparaiicBi of Tea foritu Maikti. Bt 

. ■ ™ -^ A.M.Inil.C.K. Uedinm IM, 468 pp. With ill 

. . . Aet 2S(0 




ORNAMENTAL CONFECTIONERY. 



.. _ _ _. ._ _ .. . _ . — sdiDi B nriitT of 

Uodem Raana, awl Ramarlu on Decorative and Coloond WoA. With ie« 
Oiifiul DeuBi. By RouiT Wilu. Crown Bvd, doib . Q/Q 

BREAD A BISCUIT BAKER'S * SUQAR- BOILER'S 

AASLSTANT. 



BrHd^maklng. 



larn mietr of Hodeni Redpei. With Remarki od the An ol 
L(. Br RouiT Waixl. Fnurth Edition. Cion Bn, cloth 1IO 
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PASTRYCOOK A CONFECTION BR'5 GUIDE. 

For Hotels, Re tmuauto , mod the Trade in fcnenl, adapted also for FaaiH 

Vte. By R. Wbixs, Aothor of "Tbc Brc«l and Kscnat baker " . . I/O 

"We c— otip— k teP MgMy of tbii lealy ■■r«Hw> wmfc. latfc— dejf oIIiim tiiiiiilHiM 
ear neoOT cieoi oo nenar ibmi poicaeM !■■ pooe. ^•^tuttrs jmmv. 

MODERN FLOUR CONFECTIONER. 

Containing a lar^e CoUectioo of Recipes for Cheap Cakes, Kscoits, ftc. With 

teoMfks on tbe Incredientt Used in toeir Ifannfiectme. ByR. Wslls 1/0 

'*TbgwoffcfaoCadeeMe>«ypfMtlcelciiewcteg.Mdla stei i w l p «ie i «i J hhedtoe c oiiuai k al 
woririw."— Ar#r«b gw^tish DmUp MmtL 

SAVOURIES AND SWEETS 

Suitable for Lnncheons and Dinners. By Mils M. L. Aluen (Mrs. A. 
Macaixe). Antbor of " Breakfast Dishes," ftc Thirtieth Edition. F*cap 
8vo. sewed I/O 

BREAKFAST DISHES 

For Every Morning of Three Months. By Miss Alukn (Mrs. A. Macaiu), 
Author or " bavoorics and Sweets," Ac. Twenty-iecond Edition. F'cap 8»o. 
sewed I/O 

MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 

By A. j. Wallis-Tavlbk, A.M.Inst. C.E. Crown 8vo, doth . . 4/6 

" A work that an *iicfn«ar. thtaUnff of turning hb atteatkw to Botor^antace work, would 
do wall to read as a prdfanfaiarf to startiiiff c^^mnn^anA'—Enginttring, 

FRENCH POLISHING AND ENAMELLING. 

A Practical Book of Instruction. Including numerous Recipes for making 
Polishes, Varnishes, Glaxe Lacquers, Revivers, Ac. By R. Bitmbad. 
Crown Svo, cloth 1/6 

CEMENTS, PASTES, GLUES, AND GUMS. 

A Guide to the Manufacture and Application of Agglutinants for Workshop, 
Laboratory, or Office Use. With 900 Recipes and Formula. By H. C. 
Stan DACE. Crown 8vo, cloth 2/0 

"As a reiieUtion of what are conudered trade secrets, this book will arouse an amouRt of 
curiosity among the large number of industries it touches."— Z>at/y Chronicle. 

PRACTICAL ORGAN BUILDING. 

By W. £. Dickson, M.A., Precentor of Ely CathedraL Second Edition, 
Revised. Crown Svo, cloth 2/6 

" The amateur builder will find in this book all that is necescary to enable him personally to 
construct a perfect organ with his own hands."— /fco^^mjr. 

COACH-BUILDING: 

A Practical Treatise, Historical and Descriptive. By J. W. Burgess. 
Crown bvo, cloth 2/6 

"This handbook «ill supply a long-felt want, not only to manufacturers theoselres, but 
more particular!) :i|iprcmices. and others connected with the trade of coach-building."— £fMrig^afi 
Mail. 

5EWING MACHINERY. 

Construction, History, Adjusting, &c. By J. W. Urquhart. Or. Svo 2/0 

WOOD ENGRAVING: 

A Practical and Easy Introduction to the Study of the Art. By W. N. 
Brown. Crown Svo, cloth • 1/6 

LAUNDRY MANAGEMENT. 

A Handbook for Use in Private and Public Laundries. Cr. Svo, cloth 2/0 

•'This iKJok should cert.unly occupy an hrnoured place on the shelves of all housekeepers 
who wis!) to keep then»M.'l\es au i ourant of the newest appliance* and methods."— TA/ Quten. 

CONSTRUCTION OF DOOR LOCKS. 

From the Papers of A. C. Hobbs. Edited by Charles Tomlinsom, F.R.S. 
With a Note upon Iron Safes by RobertiMali.f.t. Cr. Svo, cloth 2/6 



INDUSTRIAL AND USEFUL ARTS. 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 

Author oi ** Lathe Work," &c. Crown 8vo, 144 pp., price zs, each. 

lar Tfuu Hamdtbooks havt b$sn writUn to ntpph imformaWm fof Woekmbit, 
Stupbnts, and Amateurs in th§ uwral HandieranSt on ths actual Pkacticb of 
tht WoKKSHOP, and an inUndtd to convey in plain langnagf Technical Know- 
ledge 0/ tfu uvtral Ckafts. In dtscrUnng tht proc$isss tmflovtd, and th« maniptt^ 
kMon 0/ maUrialt workshop tsrmt art usm ; workshop practice is fully txplainid : 
and th§ t$Mt is fruly illuuratsd with drawit^s of modem toolSt appiianen, and 
proc$ss§t. 

r- 

METAL TURNBR'5 HANDYBOOK. 

A Practical Manual for Workeri at the Foot-Lathe. With xoo lUmtratioiis. 

1/0 
■* The book wlS b« of sarvlco wMkm to the amatenf and the artisan tufaac It dbiwr* 
Khomigh knowladgo of tha tnbjact"— Sc»<rm«ff. 

WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over xoo lUustiadooa. 

1/0 

** Wo tacommond tho book to jrooac tunian and amatean. A mnlUtttda d voikaMB have 
hkherto Bousbt In vain for a manual of thia apodal ladustiy."— JfeAaitftw/ M^rM, 

WATCH JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

zoo Illustrations • • • 1 /O 

** Wo strongly adviao all joitng panons connacted witb tho watch tsade to acqutae and tiadf 
thk faiezpanslva wotk."—<:i$rSm»iiiCAr»MieU. 

PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns far Foonders. With 

upwards of zoo Illustrations '1/0 

" A most valuable, if not Indlapeasablo manual for the pattern mafcas."— JTw wmlmlgt, 

MECHANICS WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulatioa, embracing Informatioo 
on various Han4jcraft Processes. With Usefol Notes ami Miscellaneous 

Memoranda. Comprising about soo Subjects 1 /Q 

"A vary clavor and useful book, which should do Ibund In evesy woikahopi and It shoud 
certainly find a piaca in all tochnical schools. ''-NS«A*r«Av' RfUm, 

MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Sleam Bngines. With 

upwards of zoo Illustrations I/O 

" Mr. Hashick has produced a very good little book.'^ffMtfbto'. 

CLOCK JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repaixing, and AdUusting. With upwards of 
xoo Illu strati ons t/O 

•w ^^a ^^a naai^^^^fcaa^B^na^e^p ^^W4 vaa.^v a^# aa^^^^^^p ^^^aaaBBe^pea^^#ae^a aAe^a wev^vH^Hs ^^^^^0^^^^^9^^9^^^^m flvvW^^M^w^^r^v^ 

CABINET WORKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Procesees 
employed in Cabinet Work. With upwards of xoo Llustrations • 1/0 

**Mr. Hashick s thorough-going Httla Handybookis aaongat the moat psactlcal goldes we 
have aaaa for beginnars in cabaiat-work."--3;«Mnday JCscufats. 

WOODWORKER'S HANDYBOOK. 

Embracing Information on the Tools, Materials, Appliaaoei and ft o c e ss e s 
Bmployedin Woodworkmg. With Z04 IllustradoDS • 1/Q 

** Writton by a man who knows, not only how work ought to be doa% bat how to do It, aad 
how to convoy his knowladge to ot hen. "—Bnet f un' tmf . 

** Mr. Hasluck writes admirably, and givoa compiBte h M t iuc ttona." En g i mmr, 

" Mr. Hasluck comUnas the axparlanca of a practical teacher with the manlpulaUve skU snd 
sdantttc knowlodga of prooosaaa of tho tralnad morhankian. and the manuals ase aa anral s of what 
can be pioducad at a popular price."— 5<*a»/«wafarr. 

** HslpAil to wonman 01 all agas and degreob of oaparltnoe "— iMI* CAr«M^clr. 

**Coociaa. daar, and piactlcaL"— SoMMiMiy gtvtrm. 

L. O 
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COMMERCE, COUNTING-HOUSE WORK, 

TABLES, ETC. 



LE550N5 IN COMMERCE. 

By Professor R. Gambako, of the R07AI High Commercial School m Gcik». 
Edited and Revised by Iambs Gault, Professor of Commerce and Commerda) 
Law in King's College, London. Fifth Edition. Crown 8vo, doth . 8/6 

" Th« publishcn of thte work hate rendered cmuideimble wurvicm to th* cwim oI coibiimicW 
education by the opportune productkm of this volume. . . . The work is pecuHafljr ecceptiMe to 
Enfrlish reaoen and an admirable addition to existing class books. In a phrase, we think the wosk 
attamf Its oblect In (umlshlnc a brief account of those laws and customs of British trade with which 
the commercial man interested therein should be famlHar."— CA«M4«r y C^m m trei 70iirm»L 

" An InTatuable guide In the hands of those who are preparing for a commecdwl career, and, 
in fact, the Information It contains on matten of business should be ' ' 

CoMHting HoHSt. 



on 



THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Corres^ndence in Five Languages^ English. 
French, German, Italian, and Spanish. By Consad E. Bakbr. Third 
Edition, Carefully Revised Throughout. Crown 8vo, cloth . . 4/6 

" Whoerer wishes to c oire s pond In all the languages m en t iotted bjr Mr. Baker cannoc do 
better than studjr thb work, the materials of which are excellent and conTenlentfy airanged They 
consist not of endre specimen letters, but— what are far more useful— short passages, sentences, ot 
phraser expressing the same general idea In various forms. '—Atketunttn 

" A canrfUl examination has convinced us that It Is unusuaDy complete, wed arranged and 
reliable. The book Is a thoroughly good one. "Sch*»lmasmr, 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICa 

A Handbook for Accountants and Mannfactnrers, with Appendices on the 
Nomenclature of Machine Details; the Income Tax Acts; the Rjuing of 
Factories; Fire and Boiler Insurance; the Factory and Workshop Acts &c., 
Including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emiui Gakckb and J. M. Fbixs. Fifth Edition, Revised and Enlarged. 
Demy 8vo, cloth 7/6 

" A very Interesting description of the requirements of Factory Accounts. . . . The principle 
•f assimilating the Factory Accounts to the general coounerdal bookads one wMch we ttmroughly 
agree with."— ^n»Mf«taM<r' yvumal. w 

" Characterised by extreme tlioroughneaB. There are few owners of fsctortes who would not 
derive greet benefit from the perusal of this moat admirable worlt. "—Lte ml C 0v t m » mtnt ChrmmUU. 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Centmry. With 
an Appendix containing a proposed English System. By Lowis d'A. 
Jackson, A. M. InsL C. E., Author of '* Aid to Survey Practice," &c Large 

crown 8vo, cloth 1 2/6 

"We recommend the work to all h u ere te d In Uie pnctical lefosm ol oat welglita and 
mtsasures."— WeAMv. 

A SERIES OP METRIC TABLES. 

In which the British Standard Measures and Weights are compared with those 

of the Metric System at present in Use on the Continent. By C H. Dowung, 

C.E. 8vo, cloth 10/6 

" Mr. Dowhng's Tables are weU put together as a ready reckoner lor the convanlon of one 
system Into the other."— .^<A<h«hm. 

IRON AND METAL TRADES' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from xS. per cwt. to ixas. per cwt., and from one farthing per pound to 
one shilling per pound. By Thomas Downib. Strongly botmd in leather, 

396 PP 9/0 

** A most useful set of tables, nothing Hke them before existed."— AWAftf«y Ntws. 
" Althoiii^i specially adapted to the iron and metal trades, the Ubies will be found usaAil In 
cveiy otiMr hnwn eas In which merchandise is bought and sold by weight."— Je««/w«> Ntmt, 



COMMERCE, COUNTING-HOUSE WORK. TABLES, ««. 51 
NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Containing npwmrds of 950,000 Separate Calculations, showing at a Glance the 
Valne at 49a Different Rates, rangug from ri^th of a Penn^ to 90s. each, or per 
cwt., and ;£9o per ton, of any number of articles consecnuvely, from z to 470. 
Any number ot cwts., qrs., and lbs., from z cwt. to 470 cwts. Any number of 
tons, cwts., qrs., and lbs., from z to z,ooo tons. By William Chaowick, 
Public Accountant. Fourth Edition, Revised and Improved. 8vo, strongly 
bound 18/0 



" It Is as easy of referaace for any answer ot anjr number of answers as a dlctlooafy. For 
sBskliig up accounts or eadmates the book must prove mvaluable to all who have any cooalderable 
qaantity of calculations involvini: pfice and measure in any combination to do.""- iTMir^RMrr. 

'*Tlie most perfoct worii of the kind yet prepared. "—(r^MVvw HtrmUL 

THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at 
one Reference the exact value of any Weight from z lb. to Z5 tons, at 300 
Progressive Rates, from id. to i66<. per cwt., and containing z86.ooo Direct 
Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), will afford an aggregate of 10,966,000 
Answers ; the wnole being calciuated and designed to ensure correctness and 
promote despatch. By Hbnkv Harbbn, Accountant. Sixth Edition, carefully 
Corrected. Royal 8vo, strongly half-bound A1 ff •• 

" A jpractlcal and useful work of reference for men of business geoeralhr."— /rmwMfwvr. 

" Of^ pcfcelesa value to business men. It is a necessary book in all mercantile offices."— 

THE DISCOUNT QUIDB. 

Comprising several Series of Tables for the Use of Merchants, Manufactcurers, 
Ironmongers, and Others, by which maybe ascertained the Exact Profit arising 
from anv mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any reauired Profit after 
allowing one or more Discounts : to which are added Taoles of Profit or 
Advance from z^ to 90 per cent.. Tables of Discount from zi; to 98! per cent., 
and Tables of Commission, &c., from | to zo per cent. By Hbnrv Hakbbn, 
AocountanL New Edition, Corrected. Demy 8vo, half-bound . £1 5t« 

" A. book such as this can only be appreciated t>y business men, to whom the saving ot time 
■neani saving of money. The worit must prove of great value to merchants, manulkctureis. and 
general tsadMS."— i7riMM TrmtU ytumal. 

TABLE5 OP WAQE5. 

At 54, 59, 50 and aS Hours per Week. Showing the Amounu of Wages from 
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages 
advancing by One Shilling from 4s. to 552. per week. By Thos. Garbott, 
Accountant. Square crown 8vo, half-bound 6/0 

IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants Containing the 
Calculated MT^iKhts of upwards of z 50,000 different sixes of Iron Plates from 
I foot by 6 in. by i in. to zo feet by < feet by z in. Wcnrked out on the Basis ct 
40 lbs. to the square foot of Iron of z inch in thickness. By H. Burlinson 
sjbd W. H. Simpson. 4to, half-bound £1 fia. 



ORIENTAL MANUALS AND TEXT- BOOKS. 

NOTICE: — Messrs. Crosby Lockwood & Son will forward 
on application a New and Revised List of Text-books and 
Manuals for Students in Oriental Languages, many of which 
are used as Text-books for the Examinations for the Indian 
Civil Service and the Indian Staff Corps ; also as Class Books 
in Colleges and Schools in India. 
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CROSBY LOCKWOOD «• SON'S CATALOGUE. 

AGRICULTURE, FARMING, 
GARDENING, ETC. 



THE COMPLETE QRAZIER AND PARMER'S AND 

CATTLB BREEDER'S ASSISTANT. 

A CoBpcBdioB of Hosboidrr. Origiinllf Written bj Wiluaii Yooatt. 
FoatteeBth Edhiop, cntirdy Re>vrtttcD, oooadcnbly Knlarfed, sDd faroo^ic 
B^ to Present Rcgntrencncs, bj William Fuam, LL..D., Asastant Coal- 
auMioncr, Rornl ConunissuMi oo Asricnltnre. Aotbor of *' ibe Klcnwnti of 
Agricnhnie," ftc Royal Bvo^ i,xoo pp., 430 Ufautrataanfl 

111 1 




■COK L OH TBB VAJUnmS. BBBSCIXCi ' 

•babxik;. Fattening and MANAcn* 
Mnrr op Cattls. 

BOCK IL OM THB ECOMOMT Aia> MAM* 
ACBMBITT OF TUB DAIEY. | 

BCOK IIL OM TUB BRBBOIMG. KBABIKC. 
AMD MAMACBMBMT OP HOBSB& I 

Book iv. Om tub Babbdimg. Ebabimc» I 

AMD FATTBMDfC OF SHBBP. i 

■OOK V. OM THB BBEBOIMG. BB^BIIM^ 

AMD FATTBMIMC OP SWIMB. ' 

BOOK VI. OH THB DISBASBS OP 

STOCK. 



BomcVn. OW THB B BBBUWU RBABnCG, 
AMD MAMACBMBMT OP POULTBT. 

BOOK VIXL ON FABM 

IMPLBMBMTS OP HUSBANDBT. 

Book IX Oh tmb cin.TUKB 

ACBMBMT OP CEASS LANDS. 

Book X. on thb CULTiVATKMr and 
afpucatioh op 
Roots. 

on 

TO 

Cbops. 
Book XIL Momthlv CatwmABS 





** Dr. FtMB b to b« coofftatalitcd on tbtt 1 
•hkh via at once becooM the itandanl clwk d the 
Hiat B wtD be fcMiad that it has no conpcef anx»g the 1 
The DfautratioBS aie admirable, while the frontispiece, which 
Ntw Year's Gift, bred bjr the Queen. Is • work of art "— rA« Tr 

- The book most be recognised as o ccupyin g the psoed i 
ot siiHBace In the EagHsh language on the subject with whichk < 

lost conprehensive guide to modem turn p tactfce that ( 
. . . The book b one that ought to be on every ' 
'—Mmri iMnt Et^rtM*. 

**Ia point of esbaustiTcness and acciuacy the work 
aahnie pu s kiu o among books dealing wkh triwirilh- agricnkBal ptactfc JL 
tanJ Ubory in ttsclf /^A'^rt* BrUuh jtgHeufhtritt. 

** This vbliiine ccclj: .es the very frcDt place as an authc rity on British agriculture: and 1 

la these depressed t.n.trs no fainter worthy of the lu-n^r, ^ii^d taking a pnde in his caUhYg. shoahi 
rest satisfied until he has this yrar.d work to refer to for help to his stn%gle forodstence and as a 
guide bow to irake the best cfhis farm.'*— /erm, FteU and FirerideA 

In Dr. Fream's acccn.plished bands ' The Cc roplete Grazier' has taken at a ringle booad 
a fio iffpLace au ui>^st the agricultural «ori^ of the day. ... As a work of reference it has a 
pracmiiMni claim upcu cxery fJanBcr."— TAr Farmgr, 

" 'The CumiJetc Ciarier' as it stands is a ccmpecdium of autboritatiTC and wcQ-ordeied 
knowledge 00 e\«ny ccncci^alle I ranch of the work of the Itxe-stcck farmer ; and the name of Dr. 
Fream mil be S'Mctated «it}i that of Ycu. tt— the latter as the pnn-.e author, the fonner M tha 
perfector— of a [rccucticn which, on the suljcct of which it treats, is prcUibly without an equal ia 
tbis or any ctbet country "—JJu Yotiihitt Pest. 

5T0CK: CATTLE, SHEEP, AND H0R5ES: 

Vol. III.-OUTLINES OF MODERN FARMING. By R- ScoTT BuBii. 

Wocdcuts. Crown 8vo, cloth « 2/6 

'The authors grasp of his su) Jcct is thorough, and his grouptnt; of facts cActiva • • TWe 
' this excellent Ueatisc^^/i ceJt.'j Dis/eUt.k, ; 



5HEEP: 

Tke History, Structure, Economy, and Diseases of. By W. C. Spoonbk. 
Fifth Edition, with Engravings, including Specimens of New andlmproved 

Breeds. Crown 8vo, cloth , . 3/8 

X "The Lock is decidedly the best of the kind in our language."— SrA/jniraif. 



MEAT PRODUCTION: 

A Mancal for Producers, Distributors, and Consumers of Batchers* Meat. 

By JcHN Ewart. Crown &vo, cloth 

•* A ccn \ act and handy \olun.c."— A/re/ mnd frvft'sicn Tradtt Rtxirw. 



AGRICULTURB, FARMING, GARDSNING, «*6. 33 
MILK, CHBBSE, AND BUTTBR. 

A Practical Handbook 00 thmr Properties and the Procetsee of their Prodnc* 
tioQ. Including a Chi^Ker on Cream and the Methods of iu Separatloo from 
Milk. By John Ouvb«, late Principal of the Western Dairy Institute, 
Berkeley. With Coloured Plates and too Illustrations. Crown 8vo, cloth. 

7/6 



'Aa 



■ad niMMihr pradactloB. It ounr be ooitftalfer r 



to aB stadants 



piacrtrionwi of daluf wcAaaobr—N^rth BHHth AgrituUuri^, 

conprafaMiiiTa wul caieCully-wilttaa book to daby -fuiaen aad 
t Kqutattloa to ttie Ubfary of the ■gTicaltttrist"-^i#fTi(MAWr«/ 



" Wo rocoauiMnd this 
stnd—ti of deifying. It Is a 



BRITISH DAIRYING. 

A Haad^ Volume on the Work of the Dairy«Parm. For the Use of Technical 
Instruction Classes, Students in Agricultural Colleges and the Working Dairy- 
Fanner. By Prof. J. P. Shsldom. With Illustrations. Second tfditton. 
Rerised. Oown Svo, cloth 2/6 

• CoBfidaolly lacommaadod as a osaftil test-book oo dairy fannlBg.''-^#HkMXlMna/ GSnMMfc 
** Pfobably the best half-cioim aunual on daliy work that has yet been ptodooed."— AVfiA 
BrUUh AgnaiUmiMt, 
*«ltisthetouii 



little woik we hare yet seen oo the sebjeet"— 77b« TYmmx. 



i 



DAIRY^ Pia5, AND POULTRY. 

Vol. IV. OUTLINES OF MODERN FARMING. By R. Scott Burn. 

Woodcuts. Crown 8vo, cloth 2/0 

"We can testify to the dearoess and Intelligibility oi the mittsr, which has been compiled 
firom the best authonties."— Z.(;Mi/«n Review. 

THE BLBMBNTS OP AGRICULTURAL QBOLOQY. 

A Scientific Aid to Practical Farming. By Primrosb McConnbll. Author of 
"Note-Book of Agricultural Facu and Figures." 8vo, cloth . Nf< 2 1 /Q 
"On every page the work bean the impress of a masterly knowledge of the subject cleut 
with, and W0 have nothing but unstinted praise to offer, "-^^w/c^ 

SOILS, MANURB5, AND CROPS. 

Vol. I.— OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Woodcuts. Crown 8vo, cloth 2/0 

PBRTILI5BR5 AND PBBDINQ 5TUPF5. 

Their Properties and Uses. A Handbook for the Practical Farmer. By 
Bbrnard Dvsr, D.Sc. (Lond.). With the Text of the Fertilisers and Feeding 
Stuffs Act of 1893, The Regulations and Forms of the Board of Agriculture, 
and Notes on the Act by A. J. David, B.A., LL.M. Fourth Editbn, Revised. 
Crown 8vo, cloth 1/0 

••This Uttlo book Is piedady what It p r of a ss ea to be— *A Handbook for the Pnctlcal 
Famer.' Dr. Dyer has done fhrmcn good serrice In placing at their disposal lo much nsofhl 
tafatmatloa k» so IntelUglblo a fofDi.".-r*c Tiimt. 

THB R0THAM5TBD BXPBRiMBNT5 AND THBIR 

PRACTICAL LB350N5 FOR PARMBR5. 

Part I. Stock. Part II. Caon. By C. J. R. Tippbr. Crown Bvo, doth. 

8/6 

** We have no doubt that the book will be walcoaied by a laige class of 
intenatsd hi aKikukviei"- 



SYSTBMATIC SMALL PARMINQ. 

Or, The Lessons of My Farm. Being an Introduction to Modem Farm 

Practice for Small Fanners. By R. Scott Burn, Author of " Outlines of 

Modem Farming," &c. Crown 8vo, cloth 6/0 

"This Is the completest book of Its class we have seen, and one which evaiy amstetif flsnaer 
wlB tead with pleasure, and accept as a fpaiA»,''—Fi€id, 

THB PIBLD5 OP QRBAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus oc the Science and 

Art Department. For Elementary and Advanced Students. By HoGH 

Clbmbnts (Board of Trade). Second Edition, Revised, with Additions. 

iBmo, cloth 2/6 

**It Is a long dme rince we have seen a book which has pleased as move or which contelnt 
such a vast and useful Amd of knowledlge."'>^4fte)aS(0f«i/ Tim4t. 
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OUTLINES OF MODERN FARMING. 

By R. Scott Burn. SoUs, Manures, and Crops — Farming and Farming 
Economy— Cattle, Sheep, and Horses — Management of Dairy, Pigs, and 
Poultry — Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In 
One Vol., 1,250 pp., half-bound, profusely Illustrated. ... 1 2/0 

** The aim of th« author has been to make his work at once comprehensive and trustwocthj, 
■ad ia this aim h« has succeeded to a de^^ee which entitles him to much credit." — Morning 
Advertistr. 

FARM ENQINEERINQ, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking \ Irrigation and Water Supplj ; Fi 
Rottds, Fences and Gates ; Farm Bnildmgs ; Bam Implements and Machii 
Field Implements and Machines ; Agricnltmal SurWring, ftc By Prolii 
JOHii S c ott. In One Vol., 1,150 pp.t balfoboiud, with over 600 IlJi 

12/0 



' Wrtttaa wMt gi—t c«>«. n wdi as wMi hnowiad g a id ablfcy. Tb« 
found' ' 



woik wan : w« have found him a vc«y tnistwofthy guida wheiwer w« have tested Us 
The mlmM will be of great value to agricultunl stadanta.'*— KSank iMnt Enprtsx. 



DRAINING AND EMBANKING. 

A Practical Treatise. By John Scott, late Professor of Agriculture and 
Rural Economy at the Royal Agricultural College, Cirencester. With 68 

Illustrations. Crown 8vo, cloth 1/8 

" A valuable handbook to the engineer as well as to the surveyor."— /.«»</. 

IRRIGATION AND WATER 5UPPLY 

A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, ftc.; 
on the Construction of Wells, Ponds, and Reservoirs, &c. By Professor 
J. Scott. Crown 8vo, cloth ....:... *! /Q 

** A valuable and indispensable book for the estate manager and owner."— /^i>rrx4^ «. 

FARM ROADS, FENCES, AND GATES: 

A Practical Treatise on the Roads, Tramways, and Waterways of the 
Farm ; the Principles of Enclosures ; and on Fences, Gates, and Stiles. By 

Professor John Scott. Crown Svo, cloth 1/C 

''a useful practical work, which should be in the Iiands of every fanner."— /arwnrr. 

BARN IMPLEMENTS AND MACHINES: 

Treating of the Application of Power to the Operations of Agriculture and 
of the various Nfachines used in the Threshing-barn, in the Stockyard, 
Dairy. &c. By Professor John Scott. With 123 Illustrations. Crown 
.8vo, cloth 2/0 

FIELD IMPLEMENTS AND MACHINES: 

With Principles and Details of Construction and Points of Excellence, their 
Management, &c. By Professor John Scott. With 138 Illustrations. 
Crown Svo, cloth 2/0 

AGRICULTURAL SURVEYING: 

A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions 
for Valuing and Reporting on Farms ana Estates. By Professor J. Scorr. 
Crown Svo, cloth 1/6 

OUTLINES OF FARM MANAGEMENT. 

Treating of the General Work of the Farm; Stock; Contract Work, 
Labour, &c. By R. Scott Burn. Crown Svo, cloth 2/6 

"The book is eminently practical, and may be studied with advantp^v l>v begtnnen ia 
agriculture, while it contains hints which will be useful to old and successful fanners. —SraTjmaM. 

OUTLINES OF LANDED ESTATES MANAGEMENT. 

Treating of the Varieties of Lands, Methods of Farming, the Setting-out of 
Farms, &c. ; Roads, Fences, Gates, Irrigation, Drainage, &c. By R. S. Burn. 
Cro^n Svp, cloth 2/6 



•• 



A complete and comprehertstve outline of the duties appertalniiif to the manacement of 
landed estates. —^*f#r»»«/ a/ fortstry. 
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FARMING AND FARMING ECONOMY. 

Historical and Practical. Vol. II.— OUTLINES OF MODERN FARMING. 

By R. Scott Burn. Crown 8vo. cloth . 3/0 

"Eminently calculated to enlig^hten the ag^ricuttuml comuiunity on the varied subjects of 
which it treats ; hence it should find a place in eveiy fanner's libraty."— Ct<x Pf^ss. 

UTILIZATION OF SEWAGE, IRRIGATION, &c. 

Vol. V.-OUTLINES OF MODERN FARMING. By R. Scott Burn. 

Woodcuts. Crown 8vo, cloth 2/6 

" A work containing valuable information, which will recommend Itself to all interested in 

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES 

FOR PARMBRS AND FARM STUDENTS. 

By PRIMSOSB McCoNNBU^ B.Sc., Fellow of the Highland and Agricultttral 
Society. Author of "Elements of Farmins." Seventh Edition, Re-written, 
Revised, and greatly Enlarged. Fcap. 8vo, 480 pp., leather, gilt edges. 

l/iat Puhlishtd. Net 7/6 

CONTBMTS :— SURVBYING AND LBVBLLING.— WBIGHTS AND MBA8URBS.— M ACHINBKY 
AND BUILJ>INGS. — LABOUR. — OPBRATIONS. — DRAINING. — BMBANKINO. — CBOLOGICAZ. 
MBMORANDA. — SOILS. — MANURES. — CROPPING. — CROPS —ROTATIONS. — WBBDS. — 

Pbbding.— Dairying.— LivB Stock.— Horsbs.—Cattub, — smbbp.— Pics.— poultry.— 

PORBSTRY.— HORTICULTURB.— MISCBLLANBOUS. 



** No fanner, aad certainly no agitcultural itudent, ought to be wlthottt thla 
of an tubfects connocted with the bim."— W«r<A British AgricuUurisi. 

" This little pocket-book contains a large anrnunt of useful information upon all kinds xA 
agrkukural tubjecti. Somethinf; of the kind has long been wantecL "—.l/arA Lant Exfrtss. 

"Tbe amount of infofmation It contains la most surpdnng ; tAe airangenitrnt of th« natter it 
•O OMthodlcal— .akhousfh *o compvvswd— •& rn be Intelli^nle tn rnnryoae who tako* a glance tbroagli 
It* peges. They teem with information. — Fanw mnd Homt. 

TABLB5 and MEMORANDA for FARMERS, QRAZIBR5, 

AGRICULTURAL 5TUDBNT5, 5URVeY0R3. LAND AQBNT5. 
AUCTIONBBRS, ftc 

With a New System of Farm Book-keeping. By Sidney Fkancis. Fifth 



Edition. 



■7* pp., waistooat-pocket size, limp leather 

of ftKts ancT calculations which bos nevnr before, la suchhand 

X. The 

br Dr. Fi 



1/6 



Weighing less than i oc, and occupvlnano mora space than a match-bos. It contains ■ 
iwT calculations which bos nevw tierore, la such handy form, b* 
on the farm is dealt with. The work may be taken as thoroughly 



been ravlsad 



been o trainable. Bvaiy 

accurate, r whole <m 

We cordially lecommend ktr-Btirs IVtekfy 



tables baTing 
MtsMHtre' 

THE HAY AND STRAW MEASURER: 

New Tables ior the Use of Auctioneers, Valuers, Farmers, Hay and Straw 

Dealers, &c., forming a complete Calculator and Ready Reckoner. By 

John Stbelr. Crown 8vo, cloth 2/0 

"A most useful handlxiok. It should be in every professional oflSce where affricultonl 
valuations ar» conducted, "—/.ani/ A^tufs Record, 

READY RECKONER FOR ADMEASUREMENT OP LAND. 

By A Arm AN. Revised and extended by C. Norris, Surveyor. Fifth 
Edition. Crown 8vo, cloth 2/0 

" A reiy useful book to all who have land to measure."— ^ar* Lane Exfrest. 

" Should be in the hands of all persons having any connection with \and. —/n'sh Farm. 

READY RECKONER FOR MILLERS, CORN MER- 
CHANTS. 

And Farmers. Second Edition, revised, with a Price List of Modem Flour 

Mill Machinery. By W. S. Hutton, C.E. Crown 8vo, cloth . . S/O 

"Will prove an indispensable vmde mecum. Nothini; has been spared to make the book 
complete and perfectly adapted to its special purpose."— .Vi//rr. 

BOOK - KEEPING FOR FARMERS AND ESTATE 

0WNER5. 

A Practical Treatise, presenting, in Three Plans, a Svstem adapted for alt 

classes of Farms. By J. M. Woodman, Chartered Accountant. Fourth 

Edition. Crown 8vo, cloth 2/6 

" WUl be found of fp«at assistance by those who intend to commence a system of book* 
keeping, the author's examples bcin^ clear and explicit, and his explanations full and accuimte.'*.^ 
Uv Stock yntmal. 
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WOODMAN'5 YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Laboar Account and Diary, and showing the Inconifl and 
Expenditure under each Department of Crops. Live StocJc, Dairy, ftc, ftc. 
With Valuation, Profit and Ixms Account, and Balance Sheet at the End of the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

Folio, half-bound HTgi 7/6 

" Contains ewy leqoUte for keeplag turn accooati wadfly and me amt ttr*'''^^£ritt*thtmt. 



THE HORTICULTURAL NOTE-BOOK. 

A Manual of Practical Rules, Data, and Tables, for the use of Students, 
Gardeners, Nurserymen, and others interested in Flower, Fruit, and Vegetable 
Culture, or in the Laying-out and Management of Gardens. By J. C. 
Nkwsham, F.R.H.S., Headmaster of the ^ Hampshire County Council 
Horticultural Scbool. With numerous Illustrations. Fcap 8vo, cloth. 

[Just Published. Nii 7/6 

MARKET AND KITCHEN OARDENINQ. 

By C. W. Shaw, late Editor of " Gardening Illustrated." Crown 8vo 3/6 
" The most valuable compendium of kitchen and market-garden work published."— Far/ncr. 

A PLAIN GUIDE TO QOOD OARDENINQ ; 

Or, How to Grow Vegetables, Fruits, and Flowers. Bt S. Wood. Foortfa 

Edition, with considerable Additions, and numerous illustrations. Crowo 

8vo, cloth 8/6 

" A very good book, and one to be highly raconuneDdad at a practical guidei Tba pnctteal 
dlractfcMU are excellent."— ^M«Mtfwm. 

THE FORCING GARDEN; 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With lUastratiaos. 

By Samuel Wood. Crown Bvo, cloth 8/6 

" A good book, contalnii^ a great deal of valuable teaching."— .GanlnMrr' Mmgmmimit, 



KITCHEN GARDENING MADE EASY. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c., with directions for management all the year rounoT By Gko. M. F. 

Glenmy. Illustrated. Crown 8vo, cloth 1/6 

•• This book will be found trustworthy and useful."— A^#rfA British A^riculturisL 

COTTAGE GARDENING; 

Or, Flowers, Fruits, and Vegetables or Small Gardens. By E. Hobday. 
Crown 8vo, cloth 1/6 

" Definite instructions as to the cultivation of small gardens."— Sctfl^MaM. 

GARDEN RECEIPTS. 

Edited by Charles W. Quin. Fourth Edition. Crown 8vo, cloth . 1 /6 
*' A singularly complete collection of the principal receipts needed by gardeners."— AVirpvKr. 

MULTUM-IN-PARVO GARDENING; 

Or, How to Make One Acre of Land produce £f»Ki a jrear, by the Cultivatica 
of Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses, 
so as to realise 2x76 per annum clear Profit. By Samitsl Wood, Author of 
" Good Gardening, &c. Sixth Edition, Crown 8vo, sewed 'I/O 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown Bvo, cloth . 8/6 

FRUIT TREES, 

The Scientific and Profitable Culture of. From the French of M. Du 
Breuil. Fifth Edition, carefully Revised by George Glbnny. With 187 

Woodcuts. Crown 8vo, cloth S/6 

j " The book teaches how to prune and train fruit trees to perfection."— F/f/i/. 
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ART OF QRAFTINQ AND BUDDING. 

By Charlbs Baltbt. With Illastrations. Crown 8vo, cloth 
**The one standard wofic on this subject."— Srdilf man. 



2/6 



TREE PRUNER: 

Being a Practical Manual on the Pruning of Fruit Trees, Including also 
their Training and Renovation, also treating of the Pruning of Shrubs, 
Climbers, and Flowering Plants. With numerous Illustrations. By 
Samuel Wood, Author oi^' Good Gardening," &c. Crown 8vo, cloth 1 /Q 
** A useful book, written by one who has had great experience."— i/ar> Lane Ex^ss. 

TREE PLANTER AND PLANT PROPAGATOR: 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By S. Wood. Crown 8vo, cloth .... 2/0 
" Sound in its teaching and very comprehensive in Its aim. It is a good hoc^.'^—G^rdentrs* 
Uagturine. 

*♦* T\u above Two Vols in One, handsomely half-bound, entitled "The Trbb 
Planter, Propagator ahd Prunbr." By Samuel wood. Price 8/6' 

THE CULTIVATION AND PREPARATION OF PARA 

RUBBER. 

By W. H. Johnson, F.L.S., F.R.H.S. 8vo cloth , » , Net 7/6 
For Sumnuiry of Contents, see page 44. 

POTATOES: HOW TO GROW AND 5H0W THEM. 

A Practical Guide to the Cultivation and General Treatment of the PotatiK 
4y J. Pink. Crown 8vo 2/0 

BEE5 FOR PLEA5URB AND PROFIT. 

A Guide to the Mantpulatton of Bees, the Production of Honey, and the 
General Management of the Apiary. By G. Gordon Samson. With 
numerous Illustrations. Crown 8vo, wrapper . 'I/O 



AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 



INWOOD'5 TABLE5 FOR PURCHASING E5TATB5 

AND FOR THB VALUATION OP PROPERTIES, 

Including Advowsons, Assurance Policies, Copyholds, - Deferred Annoitief, 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking FondSi 
ftc, &c. aSth Edition, Revised and Ejctended by William Schoolino, 
F.R. A.S., with Logarithms of Natural Numbers and Thoman's Logarithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth . A!r/ 8/0 

" Those Interasted In the purchaae and nle of estates, end In the adiastmant of compenaatlaB 
eases, as well as In transactions In annttMes, Ufa Insuiaoces, ftc., will mid the pieaant odMon of 
•mlnent 9mrhce.''—Stigin4tr^. 

" This valuable Dook hu been conslderabljr enlarged and Improved by the laboois of 
Mr. Schooling', and Is now rery complete indmad.'—£e*H»misi, 

'* Altogether this edition will prove of eztieme value to many ciswes of pittfessional nea la 
having them many long and tedious calculations. "—/wwrxllyrx' Xtview, 
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AGRICULTURAL SURVEYOR AND B5TATE AaENT*5 

* HANDBOOK. 

Of Practical Rules, FormuUe, Tables, and Data. A Comprehendve Miannal 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. By 
Tom Bright, Agricultural Surveyor and Valuer, Author of "The Agri- 
cultural Valuer's Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

AV/ 7/6 

" An exceedingily iiseftil book, the contenti of which are admirably choMn. The clasns for 
whoin the work is Intended will find It convenient to hare this conprehmsiTe handbook acceaaibia 
for leference. **—/.#«« Sfoek y»Mm*l, 

" It is a sinpilarly compact and weU infonned compendium of the fKts and figures Ukely to 
be lequirad In estate work, and Is certain to prove of much service to those to whom it b 
" " — Scotsman. 



AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Cotmsel for the Young Auctioneer. By Rouurr 
Squibbs, Auctioneer. Second Edition, Revised Demy Svo, doch . 12/0 



The work u one of geneial exceOent character 
us and satisfactory fotm."'^ Builder. 
' May be recommended as giving a neat deal of 

Mfs, In a very readable form/'— L«w y^ur* 



and g1 



h taiforamtfoB fa e 



oo the lew 



fmurmU. 



THE APPRAISER. AUCTIONEER, BROKER, HOUSE 

AND B3TATB AQBNT AND VALUBR'3 POCKBT ASSISTANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and ci Property generally ; with Prices for Inventories, ftc By 
John Whbblxr, Valuer, &c. Re-written and greatly Extended by C. Nokris. 
Seventh Edition Royal samo, cloth 0/0 



' A neat and concise book of reference, containing an admirable and clearly- 



ed list of 



arranin 
prtoaa for inventories, and a veiy practical guide to determine the value of funiltura,'Arc. "—-Si 

"Contains a large quantity of varied and useful hiforniBtkm as to the valuatloa for putchaaa^ 
sale. Off renewal of leases, annuities and reverrions, and of property generally, with prices far 
Inveotoiles, and a guide to determine the value of interfor fittings and other effacts.'*— ^Mitfrr. 



THE AGRICULTURAL VALUER*5 A55I5TANT. 

A Practical Handbook on the Valuation of Landed Estates ; indodinc 
Example of a Detailed Report on Management and Realisation; Forma oi 
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Luids Clauses Acu. Sec By Tom Bright, Agricul- 
tural Valuer. Author of "The Agricultural Surveyor and Estate A^^t's 
Handbook." Fourth Edition, Revised, with Appendix containing a Digest of 
the Agriculttval Holdings Acts, 1883 — igoo. Crown Svo, doch . Ngt 0/0 

" PuH of tables and evsmplw in connection with the valuation of tenant-right, 
eootants and weights of timber, and farm produce of all \AoM."^AtricuiturmtG: 



An eminently practical handbook, full of practical tables and daa of undoubted 
to furveyors and auctton ears in preparing valuations of all kinds. "—Am wm> 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating tHe Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valnatioo for 
Pttrpoaes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
8vo, cloth 8/6 



" To valuers, (otvsten and agents It will be a welcome wtA-'—tferth BrtHshAzrtcuitHrist 
** Well calculated to aariit the valuer In the discharge of his duties, and of mdoubted 
and use both to surveroc* and aucHniMwri. in preoarinc valualloes of aB kfoda."— ATrM/ If< 



THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulc, Tables, and Memoranda required in any CompptntiOB 
relating to the Permanent Improvement of Landed Property. By Tohm Ewak^ 
Surveyor. Second Edition Revised. Royal a^mo, oolong, leather . 4/0 

" A compendious and handy tittle 
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THB LAND VALUER'S BEST ASSISTANT. 

Bang Tables on a very much Improved Plan^ for Calculating the Value of 
Estates. "With Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure. &c. By R. Hudsoh, C.E. New Edition. 

•Royal 39mo, leather, elastic oand 4/0 

** Of tncattenbhle Talua to the country gvntlanian and prefewlnniil mm."— F an n M rr' ytittrnai. 



THE l^ND yALUER'$ COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather . 7/6 



MATHEMATICS, ARITHMETIC, ETC. 



TREATISE ON MATHEMATICS, 

As applied to the Constructive Arts. By Francis Campin, C.E., &c. 

Third Edition. Crown 8vo, cloth 3/0 

"'Should be in the hands of every one connected with building construction."— ilif^/iirrf' 
RtporUr. 

SLIDE RULE, AND HOW TO USE IT. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
culations with unexampled rapidity and accuracy. By Charles Hoars, 
C.E. With a Slide Rule, in tuck of cover. Eighth Edition. Cr. 8vo 2/6 

MATHEMATICAL TABLES, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefizea a Treatise on Logarithms. By H. Law, C.E. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor 
J. R. Young. New Edition. Crown 8vo, cloth .... 4/0 

LOGARITHMS. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calculations. By Henry Law, C.jB. Revised Edition. ^Forming part of 
the above work.) Crown 8vo, cloth 8/0 

EUCLID, 

The Elements of; with many Additional Propositions and Explanatory 
Notes ; to which is prefixed an Introductory Essay on Logic. By Henry 

Law, C.E. Crown 8vo, cloth 2/6 

*♦♦ Sold also separately, vix. :— 
EUCLID. The First Three Books. By Henry Law, C.E. Crown 8vo, 

cloth 1/6 

EyCLID. Books 4, $, 6 xx, X3. By Henry Law, C.E. Crown 8vo, cloth 

1/6 

THEORY OF COMPOUND INTEREST AND ANNUITIES, 

Wit^ Tables of Logarithms for the more Difficult Computations pf Interest, 
Discount, Annuities, &c., In all their Applications and Uses for Mercantile 
and State Purposes. By Fedor Thoman, of the Social Cr^t Mobilier, 
Paris. Fourth Edition. Crown 8vo, cloth . . ' . . . . 4/0 

"A very powerful work, and the author has a very* remarkable command of his subject."— 
Professor A. DE MORCAK. " We recommend It to the notice of actuaries and accountants."— 
jltMefumm. 

ARITHMETIC, 

Rudimentary, tor the Use of Schools and Self-Instruction. By Jambs 
Haddon, M.Aw Revised by Abraham Arman. Crown 8vo, cloth . 1/6 
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ARITHMETIC, 

A Rudimentary Treatise on : with fall Explanations of its Theoretical Prin- 
ciples, and numerous Examples for Practice. For the use of Schools and 
for Self- Instruction. By J. R. Youno, late Professor of Mathematics in 
Belfast College. Fourteenth Edition. Crown 8vo, cloth , , • 1 /6 

KEY TO THE ABOVE; 

By J. R. Young. Crown 8vo, cloth. • • • • • ■ 1/6 

EQUATIONAL ARITHMETIC, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce: with various Tables by which all calculations may be greatly 
facilitated. By W. Hipsley. Crown 8vo, cloth 1/6 

COMMERCIAL BOOK-KEEPING. 

With Commercial Phrases and Forms In Enelish, French, Italian, and 
German. By Iambs Haddon, M.A., formerly Mathematical Master, King's 
College School. Crown 8vo, cloth . • 1/6 

ALGEBRA, 

The Elements of. By Tames Haddon, M.A., formerly Mathematical 
Master of King's College bchool. With Appendix, containing Miscellaneous 
Investigations, and a collection of Problems. Crown 8vo, cloth . 2/0 

KEY AND COMPANION TO THE ABOVE. 

An extensive repository of Solved Examples and Problems in Illustration 
of the various Expedients necessary in Algebraical Operations. By J. R. 
YouMG. Crown 8vo, cloth 1 /Q 

DESCRIPTIVE GEOMETRY, 

An elementary Treatise on ; with a Theory of Shadows and of Perspective 
extracted from the French of G. Monge. To which is added a Description 
of the Principles and Practioe of Isometrical Projection. By J. F. Heather, 
M.A. With 14 Plates. Crown 8vo, cloth 2/0 

PRACTICAL PLANE GEOMETRY: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Ground. By J. F. Heather, M.A. 
Crown 8vo, cloth 2/0 

"The author is well-known as an experienced professor, and the volume contains as complete 
a collection of problems as is likely to be required In ordinary practice."— WrtAtfArr. 



ANALYTICAL GEOMETRY AND CONIC SECTIONS. 

By J. Hann. Enlarged by Professor J. R. Young. Crown 8vo, cloth 2/0 

"The author's style Is rxccedinxiv clear and simple, and the book is well adapted for tho 
beginner and those wdo may be obliged, to have recourse to self-tuition."— iBn^iMrrr. 



PLANE TRIGONOMETRY, 

The Elements of. By James Hann, M.A. Seventh Edition. Cr. 8vo. 1 /6 

SPHERICAL TRIGONOMETRY, 

The Elements of. By James Hann. Revised by Charles H. Dowuno, 

C.E. Crown 8vo, cloth I/O 

*♦* Or with " Th* Elements of Plant Tngonomttry," in One Vol. Crown 
8vo, cloth 2/6 

DIFFERENTIAL CALCULUS, 

Elements of the. By W. S. B. Woolhouse. Crown 8vo, cloth . 1/Q 

INTEGRAL CALCULUS. 

By HoMERSHAM Cox, B.A. Crown^vo, cloth . . . (.1/6 



MATHEMATICS. ARITHMETIC, S-c. 



6t 



MATHEMATICAL INSTRUMENTS, 

A Treatise on ; Their Construction, Adjustment, Testing and Use concisely 
explained. Bv J. F. Heather, M.A., of the Royal Military Academy, 
Woolwich. Fifteenth Edition, Revised with Additions, by A. T. Walmis- 
LEY, M.Inst.C.E., Fellow of the Surveyors' Institution. Original Edition in 

One Vol., Illustrated. Crown 8vo, cloth 2/0 

In ordering be careful to say *' Original Edition^** to distinguish it from the 
Enlarged Edition in Three Vols, (see below). 
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DRAWING AND MEASURING INSTRUMENTS. 

Including— I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used tor the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Heathek, M.A. Cr. 8vo 1 /6 

OPTICAL INSTRUMENTS. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 

K reducing copies of Maps and Plans by Photography. By J. r. Heather, 
I. A. Illustrated. Crown 8vo, cloth 1/0 

SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including— I. Instruments used for Determining the Geometrical Features 

of a portion of Ground. II. Instruments employed in Astronomical Obser- 

vations. By J. F. Heather, M.A. Illustrated. Crown 8vo, cloth . 1 /Q 

*«* The above Three Volumes form an Enlargement of the Author's original worh 

"Mathematical Instruments," pnce 2/0> 



MATHEMATICAL INSTRUMENTS: 

Their Construction, Adjustment, Testing and Use. Comprising Drawing, 
Measuring, Optical, Surveving, smd Astronomical Instruments. By J. F. 
Heather. M.A. Enlargea Edition, for the most part re-written. Three 
Parts as above. Crown 8vo, cloth 4/6 

** An exhaustive treatise, belonging to the well-known Weale's Series. Mr. Heather's experir 
ence well qualifies him for the task be has so ably fulfilled."'— fM^>i«rn>i^ and BuiUttng Timts. 

STATICS AND DYNAMICS, 

The Principles and Practice of ; embracing also a clear development 'of 
Hydrostatics, Hydrodynamics, and Central Forces^ By T. Baker, C.E. 
Fourth Edition. Crown 8vo, cloth 1/6 
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BVERY MAN'S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Concisb 
Dictionary op Legal Tesms. By A Barkistkk. Forty-third £ditioa, 
carefully Revised, and comprising New Acts of Parliament^ including the 
Trades Marks Act, 1905; Railway Firts Act, 1905; Alttns Act, 2905; 
Unemployed Workmen's Act, zoo;; Marriages Act, 1905; Prevention of 
Cruelty to Children Act, 1904 ; Weights and Measures Act, 1904 ; Shed Hours 
Act, 1904; and many other recent Acts, including the New Law relating to 
the Granting of Patents for Inventions, which came into operation on Jan. x, 
1905. Judicial Decisions pronounced during the year have also been duly 
noted. Large Crown 8vo, 838 pp., cloth. [j^t Published. Net 6/8 

*•* Thii Standard Work 0/ JRe/erence forms a Complbtb Epitomk op thb 
Laws op England, comprising {a»Hongsi otJur $nait€r): 

THE RIGHTS AND WRONGS OF INDIVIDUALS 



Landlord and tbnant 
Vbndoks and purchasbrs 
Contracts and acrbbmrnts 
Convbyan'cbs and mortgages 

{oint-^tock cohpanibs 
'artnbrshtp. shipping law 

DBAMNGS WITH MONBY. SURBTISHIP 

Chbqubs. Bills and notbs 
Bills op Salb. bankruptcy 
Masters, servants and workman 
insurancb: llpe, accidbnt, etc. 



Copyright, patents. Trade marks 
Husband and wipe. Divorce 
inpancy. custody op children 
Trustees and ExECirroRs 
Taxes «Nn Drath Dutirs 
Clbrgymen, Doctors, and Lawyers 
Parliamkntary Elbctions 
Local Government 
Librl and slandrr 

NUISANCES, criminal LAW 

Gamh Laws, Gaming. Innkeepers 



Forms of wills, agreements, notices. &c 

IMT' 7^ #*>««r c^ this work is it enatU tkost whe consult it t» ktlp tkanselms t» the 
tarn i and thsrtby to disftnst, as far asftssibU, with pr^tssi»nal tusistancs and advice. Then 
are many wrfngs and grievancu which persons st^tnit to from time to tints through not 
knoming how or whore to oMly for rtdrtss ; and many persons have as great a dread efa 
lawyer's omce as ^a lion's den. fVith this book at hand it is believed that many a SIX-AND. 
BiGHTPENCE mav be served ; manv a wrong redrused ; many a right reclaimed; many a law 
suit avoided; ana many an evil abated The work has estahlxshod itself as the standard legal 
adviser ^eUl classes^ and has also mad* a reputation for itself as a useful book ^ referent* for 
lawyers residing at a distance finom law libraries, who are glad to h ave at hand a ufork 
tm ee dyO ig recent decisions and e n a ct m ent t. 

*•* Opinions op thb Press. 

" The amount of infonnation given tn the volume Is simply wondeifuL The continued 
popularity of the work shows that it fulfils a useful purpose."— A«w youmal. 

" As a book of reference this volume is without a rival."— As// Mall Gamctte. 

" No Englishman ought to be without this book."— ^^yi'M^r. 

"Ought to be in every business establislmient and in all libraxies."— 5A^«/</ Post. 

" The ' Concise Dictionary ' adds considerably to its stlvM.''—lVestminster Gasiette. 

" It Is a complote code of EngUsh Law written te plain language, which all can undentaad. 
. . . Should be In the hands of every busbiess man, and aU who wish to abolish lawyers' bUla"— 
ff^oehly Times. 

" A useful and concise epitome of the law, compOed with considerable can."-'Law Magasine. 

" A complete digest of the most useful £Kts which constitute English htw."— Globe. 

"Admirably done, admirably arranged, and admirably cba»p."— Leeds Mercury. 

" A concise, cheap, and complete epitome of the English law. So plainly written that he who 
mos may read, and he who reads may understand."— ^tSfwrv. 

" A lUctlooary of legal fiictt weU put together. The book Is a very uaeAil on^"— spectator. 

LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts or Works and Services. By 
David Gibbons. Fourth Edition, with Appendix of Sutntes by T. F. Uttlby, 
Solicitor. Fcap. Svo, doth 8/6 
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HANDBOOK FOR SOLICITORS AND ENQINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railwajrs. Tramways, Gas and Water Works, &c. 
By L. L. Macassby, of the Middle Temple, Banister-at-Law, M.I.C.E 
8vo, doth £1 5b. 

PATBNT5 for INVENTIONS, HOW to PROCURE THEM. 

G>mpiled for the Use of Inventors, Patentees and others. By G. G. M. 
jiARpiNGKAM, Assoc. Mem. Inst. C.E., &C. Demy 8vo, doth '1/6 

CONCILIATIONS ARBITRATION In LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By J. S. J bams. Crown vo, aoo pp., 

doth 2/e 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 

B. Mackib, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 

"This (n valuable ^Ide to Jounulism is a work whkh all aspirants to a jouniallsric caner will 
read with advantaira."— Tmma/ir/. 



DICTIONARY OF PAINTERS, 

And Handbook for Picture Amateurs ; being a Guide for Visitors to Public 

and Private Picture Galleries, and for Art Students, including Glossary of 

Terms, &c. By Philippe Daryl, B.A. Crown 8 vo, cloth . . 2/6 

" Considerinfir its small comctass, really admirable. We cordially recommend the book."— 
Buitdtr. 

m 

DICTIONARY OF TERMS USED IN ARCHITECTURE, 

Building, Engineering, Mining, Metallurgy, Archasology, the Fine Arts, &c. 
By John Weale. Sixth Edition. Edited by Robt. Hunt, F.R.S., 

Numerous Illustrations, Crown 8vo, cloth fl/Q 

"The best small technological dictionary in the language."— /I fxMifecf. 



NATURAL PHILOSOPHY, 

For the Use of Beginners. By C. Tobilinson, F.R.S. Cr. 8vo, cloth 



1/6 



HANDBOOK OF FIELD FORTIFICATION. 

By Major W. W. Knollvs, F.R.G.S. Crown 8vo, cloth . . 3/0 

" A well-timed and able contribution to our military literature . . . The author supplies, in 
clear buMne&s style, all the infonnation likely to be practically uitefuL" — Chambtrs 0/ Commerce 
Chronicie. 

COMPENDIOUS CALCULATOR 

(Intuitive Calculations) ; or Easy and Concise Methods ot performing the 
various Arithmetical Operations remiired in Commercial and Business 
Transactions; together with Useful Tables, &c. By Daniel O'Gorman. 
Twenty^ighth Edition, revised by C. Norris. Crown 8vo, cloth . 2/6 

" It would tie difficult to exa^erate the usefulness of this book to every one enga^fed in 
commerce or manufacturintr industry. It is crammed full with rules and formula for shortening 
and employing calculations in money, weijfhts and measures, &c., of every sort and description."— 
A^furw^eJji'e. 



MEASURES, WEIGHTS, AND MONEYS OF ALL 

NATIONS, 

And an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. Woolhouse,F.R.A.S. Seventh Editioa Cr. 8vo, cloth 2/6 
"A work necessary for every mercantile ofhce"—BuiieUrtg Trades youmal. 
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5PANI5H GRAMMAR. 

In a Simple and Practical Form. With Exercises. By Alfrko Elwbs. 
Crown 8vo, cloth • • 1 /6 

5PANI5H-ENOL15H AND ENGLISH -SPANISH DIC- 
TIONARY. 

Including a large number of Technical Terms used in Mining, Engineering, 
&C., with the proper Accents and the Gender of every Noun. By Ai.fr£0 
Elwes. Crown 8vo, cloth 4/0 

PORTUGUESE GRAMMAR. 

In a Simple and Practical Form. With Exercises. By Alfred Elwes. 
Crown 8vo, cloth 1/6 

PORTUGUESE-ENGLISH AND ENGLISH-PORTU- 

aUESB DICTIONARY. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 
Elwes. Fourth Edition, revised. Crown 8vo, cloth . ' . . . 5/0 

ANIMAL PHYSICS, 

Handbook of. By Diomysius Lardner, D.C.L. With sao Illustrations. 
In One VoL (732 pages). Crown 8vo, cloth ..... 7/6 

MUSIC, 

A Rudimentary and Practical Treatise on. By C. C. Spencer. Crown ttvo. 

2/6 

** Mr. Spencer has marshalled his infonnatlon with much skill, and ^et with a simplictty that 
most recommend his works to all who wish to thoroughly understand music"— f#V<i/x Times. 

PIANOFORTE, 

The Art of Playing the. With Ezeicises and Lessons. By C. C. Spencer 
Crown 8vo, cloth 1/6 

" A sound and excellent work, written with spirit, and calculated to inspire the pupil with a 
dcsin to aim at high accomplishment in the art,"— &A«0/ Board ChroHicU. | 
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Acetylene Gas, Gibbs, 43 

Acoustics. Smith, 35 

Aerial Navigation. Walker, 11 

Tramways, Tayler, i 

Agricultural Geology. McCon- 
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Note Book. McConnell, 55 

Surveying, Scott, 54 

Surveyor. Bright, 58 

Valuing. Bright, 58 

Air Machinery. Weisbach, 10, 23 
Algebra. H addon, 60 
Alkali Trade. Lomas, 43 
Alphabets. Delamotte, 39, 40 
Alternating Current Machines. 

Shildon and Mason, 2 
Angles, Tees, Plates, Beams, 
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Animal Physics, Lardner, 64 

Physiology. Lardner, 42 
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Arches. Piers, &c.. Bland, 32 

Architect's Guide, Rogers, 35 
Architectural Modelling, Rich- 
ardson, 35 
Architecture. Ancient, 35 

Civil, Chambers, 35 

Design. Garbett, 35 

Grecian, Aberdeen, 35 

Mechanics of. Tarn, 35 
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of Vitruvius. Gwilt, 35 

Orders. Leeds, 35 

Orders and Styles, 35 

Styles, Bury, 35 
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Young, 60 

Equational, Hipsley, 60 

Armature Windings, Arnold. 29 
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Asbestos, Joms, %y 
Astronomical Glossary. Gore, 41 
Astronomy, Lardner, 42 

Main and Lynn, 41 

Auctioneers, Squibbs, 58 



Bam Implements, Scott, 54 
Beams, Flexure of. Guy, 18 

Properties of, 19 

Bees, Samson, 57 

Blast Furnaces, Stevenson, 11 

Blasting. Burgoyne, 19 
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Boiler and Factory Chimneys 
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Boilers, Armstrong, 4 
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Wilson, 3 

Book-keeping, Haddon, 60 
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Boot and Shoe Making, Leno, 45 
Brass Founding, Graham, 47 
Bread and Biscuit Baker, Wells, 

47 
Breakfast Dishes, i4//fii, 48 

Brewing and Malting, Wright, 

42 

Brick and Tile Book, 33 

Making. Dobson, 32 

Brick-cutting, Hammond, 32 

Bncklaying, Hammond, 32 

Brickwork, Walker, 32 
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Oblique, Bwft, 16 

Tubular, Dempsey, 17 
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Bridges and Viadacts, Campin, 


Commerce, Gambairo, 50 
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Commercial Correspondcmce, 


British Mining, Hunt. 25 


Baker, 50 


British Standard Sections (Dia- 


Compound Interest, Tkowum, 59 


grams, Definitions, &c.), 19 


Concrete, Sutclife, 33 


Builder's Price Book, Lockwood, 


Confectioner, Flour. M'^. 48 
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Confectionery. FFciis. 47, 48 


Measuring, Beaton, 34 
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Quantities, Beaton, 34 


Campin, 18 


Building, a Book on, Beckett, 32 


Copper Conductors, &c, 19 


Art of. Dobson, 32 


Metallurgy of, EissUr, 24 


Construction, Allen, 31 


Cottage Building, Aliens 32 


Cottage, Allen, 32 


Gardening, Hobday, 56 


Dwelling Houses, Brooks, 


Cotton Manufacture. Lister, 45 
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Cranes, G/ywu. 11 


Estates, Af Of /^oni 32 


Creation. Records of, L$ Vaux, 


Farm, Scott, 32 
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Science of, Tam, 32 


Curves, Tables of, Beaxeley, 15 




Cyanide Process. Eissler, 24 
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Dairying, British, Sheldon, 53 


Chadwick, 51 


Dairy, Pigs, and Poultry, Bum^ 


Calculator, Weight, Harben, 51 
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Dangerous Goods, Phillips, 43 
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Decoration, Facey, 39 
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House-Painting, Graining, 


Caq)enter*s Guide, Nicholson, 37 
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Deep Level Mines of the Rand, 


Chimneys, Wilson, 3 


Denny, 23 


Circular Work, Collings, 38 


Diamond Drilling, Denny, 24 


Civil Engineering, Law, iS 


Dictionary of Architecture, 


Clock Jobbing, Hasluck, 49 


Weale and Hunt, 63 


Clocks, Watches, and Bells, 
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Beckett, 46 


Direct Current Machines, Sheldon 


Coach-Building, Burgess, 48 


and Mason, 29 


Coal & Iron Industries, Meade, 


Discount Guide, Harben, 51 


27 


Drainage of Lands, Clark, 13 


Mining, Cockin, 26 


(Mine). Michell, 25 

Draining & Embanking, Scott, 


Smyth, 27 


Colliery Manager, Pamely, 26 
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Working, Bulman and Red- 


Drawing Instruments. Heather, 
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Colouring, FtV/i 6* Davidson, 40 
Colours & Dye Wares, 5/a'«r, 44 


Rules on, Pyne, 34 


Dwelling Hoyises. Brooks, 32 
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Dynamic Electricity, Atkinson, 

31 
Dynamo Constrnction, Urqnhoft^ 

30 

How to Make, Crojts, 30 

Management, Paterson, 29 

Motor and Switchboard 

Circuits, Bowker^ 29 



Earthwork, Graham^ 16 
Tables, Broadbent 6* Cam- 
pin, 16 

Tables, Buck, 16 



Earthy Minerals, Dames, 25 
Electrical Calculations, Atkinson, 

30 
Conductors, Perrine, 29 

Dictionary, Sham, 30 

Engineering, Alexander, 28 

Sewell, 28 

Machinery, 20 

Pocket Book, Kempe, 30 

Transmission, Abbott, 28 

Electricity Applied to Mining, 

Lupton, Parr, S- Perkin, 26, 29 

Lardmr and Foster, 42 

Text-Book, Noad, 31 

Electric Light Fitting, Urqukart, 

31 
Light, Knight, 30 

Light, Urqukart, 30 

Lighting, Swinton, 30 

Ship-Lighting, Urqukart, 31 

Telegraph, Lardner, 42 

Electro-Metallurgy, Watt, 46 

Plating, Urqukart, 46 

Plating, Watt and Pkilip, 46 

Typing, Urqukart, 46 

Embroiderer's Design, 2>^mo//#, 

Engine-Driving Life, Reynolds, 6 
Engineering Chemistry, Pkillips, 

43 
Drawing, Maxton, 8 

Estimates, 9 

Progress, Humher, 18 

Standards* Committee, 

19.20 



Engineering Tools, Homer, 2 
Engineer's Assistant, Tempieton, 

8 

Companion. Edwards, 8 

Field Book, Haskoll, 14 

Handbook, Button, 4 

Pocket-Book, Clark, 7 

Reference Book, Foley, 2 

Turning. Homer, 2 

Year Book, Kempe, 7 

Engineman's Companion, Rey- 
nolds, 6 
Estate Tables, Inwood, 57 
Euclid, Law, 59 
Every Man's Own Lawyer, 62 
Excavating, Prelini, 15 
Explosives, Eissler, 43 
Nitro, San/ord, 43 



Factory Accounts, Garcke &* 

Fells, 50 
Farm Acct. Book, Woodman, 56 

Buildings, Scott, 32 

Engineering, Scott, 54 

Management, Bum, 54 

Roads, &c., Scott, 54 

Farmers' Tables, Francis, 55 
Farming Economy, £«ni, 55 

Outlines, Bum, 54 

Small, Bum, 53 

Fertilisers, &c., Dyer, 53 
Field Coils (Electrical), 20 

Fortification, Knollys, 63 

Implements, Scott, 54 

Fields of Gt. Britain, Clements, 

53 
Fires & Fire Engines, Young, zz 

Flour, /iTf (A aiu{ Powles, 47 

Forestry, Curtis, 37 

Foundations, &c., Dohson, 19 

Frendi Polishing, Bitmead, 48 

Fruit Trees, i>» Breuil, 56 

Fuel, Williams and Clark, zo 

Fuels, PkiUips, zo 



Garden, Forcing, H^ooif , 56 
Receipts. QiMfi, 56 




Gardening, Good, Wood, 56 

Ladies*, Wood, 56 

Multum-in-Parvo, Woody ^6 

Gas and Oil Engines, Bale, 6 

Engines, Goodeve, 6 

Engines, Maihot, 6 

Engine Handbook, Roberts, 

6 
Engineer's Pocket Book, 



O'Connor, 43 

— Fitting, Black, 47 

— Producer Plants, Mathot, 
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Gauge Length, Unwin, 19 
Geology, Historical, Tate, 28 

Physical, Tate, 28 

Tate, 28 

Geometry, Tarn, 17 

Ansdytical, Hann, 60 

Descriptive, Heather, 60 

Technical, Sprague, 17 

of Compasses, Byrne, 17 
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Girders (Iron), Buck, 17 
Glass Staining, Gessert 

Fromberg, 41 
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and Silver, Merritt, 24 

Metallurgy of, Eissler, 24 

Prospecting, Rankin, 23 

Goldsmith's Handbook, Gee, 46 
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Grafting and Budding, Baltet, 57 
Granites. Harris, 27 
Grazier, Complete, Freatn, 52 



Hall Marking Jewellery, Gee, 46 
Handrailing, Collings, 38 

Goldthorp, 38 

Hay & Straw Measurer, 5/^W«. 

55 
Health Officer, Willoughby, 36 

Heat (Expansion by), Keily, 18 

Heat, Lardner and Loewy, 41 

Heating by Hot Water, Jones, 
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Hints to Architects, Wightwick 

and Guillaume, 35 
Hoisting Machinery, Homer, 1 
Hoisting & Conveying Ma- 
chinery. Zimmef, i 



Horology, Saunter, 45 
Horticulture, Newsham, 56 
House Decoration, Facey, 39 
Owner's Estimator, Simon, 
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Property, Tarbuck, 34 
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Hydraulic Mz^nua}, Jackson, 13 

Engineering. Marks, 13 

Tables, Neville, 13 

Hydrostatics. Lardner, 41 



Illumination, Delamotte, 40 
India Rubber, Johnson, 44, 57 
Indian Railway Locomotives, 19 
Inflammable Gas, Clowes, 27 
Insulating Materials (Elec- 
trical). 20 
Inwood's Estate Tables, 57 
Iron Trades Companion. 
Downie, 50 

and Steel, Hoare, 8 

, Metallurgy of, Bauerman, 
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Ores, Kendall, 25 

Plate Weight Tables, 

Burlinson and Simpson, 51 

Irrigation, Mawson, 11 
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Jeweller's Assistant, Gee, 46 
Joints (Builders'), Christy, 38 
Journalism, Mackie, 63 



Key to Haddon's Algebra, 60 

to Young's Arithmetic, 60 

Kitchen Gardening. GUnny, 56 



Labour Contracts. Gibbons, 62 
- — Disputes, Jetms, 63 
Land Improving, Ewart, 58 
Ready Reckoner, Arman^ 
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-^-<r (Reclamation oi)« Buueiey, 
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Land, Valuing and Improving. 
Hudson and Ewart, 59 

Valuing, Hudson ^ 59 

Landed Estates. Burnt 54 
Lathe Work. Hasluck^ 9 
Laundry Management, 48 
Lawyer, Eveiy Man's Own, 62 
Lead (Argentiferous), Eisskr^ 25 
Leather Manufacture, Watt, 45 
Letter Painting, Badenoch, 40 
Levelling, Simms^ 15 
Light, Tarn, 35 
Light Railways, Calthrop, 11 
Lightning Conductors, Hedges^ 33 
Limes, Cements, Bumell, 34 
Locks, Tomlinson, 48 
Locomotive Engine, Stretton, 5 

Engine, Weatherbum^ 5 

Engine Driving, Reynolds, 5 

Engineer, Reynolds^ 5 

Engines, Dempseyy 5 

Locomotives for Indian Rail- 
ways, 19 
Logarithms, Law, 59 



Machine Shop Tools, Van 

Dervoorty 2 
Machinery, Details, Camping 9 
Marble Decoration, Blagrove, 40 
Marine Engineering, Brewer, 21 
Engineer, Wannan, 21 

Engineer's Pocket Book, 

Wannan, 21 

Marine Engines & Boilers, Bauer, 
Donkin and Robertson, 20 

Engines, Murray, 21 

Market Gardening, Shaw, 56 
Masonry, Purchase, 33 

and Stone-Cutting, Dob- 
son, 33 

Dams, Courtney, 13 



Masting and Rigging. Kipping,22 
Materials, Campin, 18 

(Strength of), Barlow, 18 

Handling of, Zimmer, 1 

Mathematical Insts., Heather, 61 

Heathers* Walmisley, 61 

Tables, Law and Young, 

23,59 
Mathematics, Campin, 59 

Measures, Weights, &c., Wool- 

houu, 63 



Measuring Builders' Work, 

Dobson and Tarn, 34 

Timber, Ac, Horton, 34 

Meat Production, Ewart, 52 
Mechanical Dentistry, Hunter, 47 

Engineering, Campin, 9 

Handling of Material, 

Zimmer, 1 

Terms, Lockwood, 8 



Mechanics, Hughes, 9 

Lardner and Loewy, 41 

Tomlinson, 10 

of Air Machinery, Weisbach, 

10, 23 

(Tables for). Smith, 8 
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Mechanics* Companion, Tern- 
pleton and Hutton, 7 

Workshop. Hasluch, 49 

Mechanism, Baker, 10 
Mensuration & Gauging, Mant, 

and Measuring, Baker, 17 

Metal Turning, Hasluck, 49 
Metalliferous Minerals, Davies, 

25 
Mining Machinery, Davies, 

23 

Metric Tables, Dowling, 50 
Metrology, /orAsoif, 50 
Microscope, Van Heurck, 41 
Milk, Cheese, &c., Oliver, 53 
Millers' Ready Reckoner, 

Hutton, 55 
Milling Machines. Horner, i 
Mine Drainage, Mickell, 25 
MinQs of the Rand. Denny, 23 
Mineral Surveyor, Linttm, 28 
Mineralogy, Ramsay, 28 
Miners' Handbook, Milne, 25 

Pocket Book, Power, 25 

Mining, British, Hunt, 25 

Calculations, O* Donahue, 

27 

Chemistry of, Byrom, 27 

Students, Notes for, Meri- 

vale, 26 
Tools, Morgans, 27 

and Quarrying, Collins, 27 

Model Engmeer, Hasluck, 49 
MoUusca, Woodward, 41 
Motor Cars, Tayler, xi, 48 

Vehicles, Tayltr, 11 
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Mtueum of 

Lardner, 42 
Music, spencer, 64 



and Art. 



NaCnral Philosophy, Tomlinsou, 

63 
for Schools, Larimer, 

Naval Architect's Pocket Book, 
Mackrow, 21 

Architecture, Peaki, 22 

Navigation, Young, 23 

Greenwood and Rosser, 22 

Practical, 23 



Oil Fields of Russia. Thompson, 

23.42 
Oils, Analysis of, Wright, 42 
Optical Instruments, Heather, Gi 
Optics, Lardner S* Harding, 42 
Organ Building. Dickson, 48 
Oriental Manuals and Text- 
books. 51 

Packing Case Tables, Richard- 
ton, 38 
Painting. GnUich 6* Timbs, 41 
Paper, Parhinson^ 44 

Making, Clapperton, 44 

Watt, 44 

Pastrycook's Guide. Wells, 48 
Patents, Hardingham, 63 
Pattern Making, Hasluck, 49 

'■- Homer, 8 

Perspective. Ferguson, 34 

Py^» 34 

Pianoforte, Sfencer, 64 

Pioneer Engineering, Dobson, 15 

Pipe Flanges, 19 

Throuls, 20 

Plastering, Kemjb, 33 

Plating & Boiieimaking, Hor- 

ntr, 3 
Plumbing, Buchan, 33 

Lawler, 33 

Pneumatics. Tomlinson, 19 
Pocketbook, Agriculturists, 

Bright, 58 

Ewart, 58 

Francis, 55 

Hudson, 59 



Pocketbook, Agriculturist's, 
McConnell, 55 

Auctioneer's. ^A«d!fr, 58 

Builder's, Beaton, 34 

Electrical, Kempe, 30 

Engineer's, QtirA, 7* 

Edwards, 8 

Fletcher, 8 

Haslmck, 9 

JTm/r. 7 

SwiiA, 8 

Tempieton, 7 

Engineman's, Reynolds, 6 

Gas Engineer's, O'Connor, 

Health Officer's, n^tUM^A^Xt 

36 
Biarine Engineer's, Mnch- 
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of 



Wannan, 21 
Mensuration 
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Measuring. Mant, 42 
— Miner's. Milne, 25 
Power, 25 



— Mining Prospector's, 
Anderson, 24 

j Merritt, 24 

Rankin, 23 



of Refrigeration. Teller, 10 

Pole Plantations, Br^A/. 58 
Portable Engine, H^Msfrron^A, 5 
Portland Cement. Faija and 
Butler, 34 

Specification, 20 

Portuguese Dictionary, Elwes, 64 

Grammar, Elwes, 64 

Potatoes, Pinh, 57 
Private Bills. Macassey, 63 
Producer-Gas Plants, Mathot, 6 
Prospector's Handbocdc, Ander- 
son, 24 
Pumps and Pumping, Bale, 10 



Quantities (Builders'), Bm^m, 34 



Railway Brakes, Reynolds, 5 

Rails, Bull-headed, 19 

Flat Bottomed, 20 

Working, Stretton, 19 

Reclamation of Land, Beaael^, 
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Refrigerating Machinery. Tay- 

kr, 10 
Refrigeration, Taykr, 10 

(Pocket Book), Tayler, 10 

River Bars, Mann, 13 
Roads and Streets. Law, 15 
Roof Carpentry. Callings, 38 
Roofs. Construction of. Tarn, 18 
Rothamsted Experiments, 

Tipper, 53 
Rubber Hand Stamps, Sloane^ 44 



Sailmaking. Kipping, 22 

Sadler, 22 

Sanitary Work. Slagg, 36 
Savouries and Sweets. Allen, 48 
Saw Mills, Bale, 37 
Screw Threads. 20 

Hasluck, 9 

Sea Terms, Pirrie, 22 
Sewage, Irrigation, Bum, 55 

Purification, Barwise, 36 

Sewing Machinery. Urquhart, 48 
Sheep (The). Spooner, 52 
Sheet-Metal Work, Crane^ 47 

Work, Warn 6* Homer, 47 

Shoring. Blagrove, 32 

Ship Building. Sommerfeldt, 22 

German, Felskowski, 22 

Ships and Boats. Bland, 22 
Silver, Metallurgy of, Eissler, 24 
Silversmith's Handbook, Gf«, 46 
Slate Quarrying, Davies, 27 
Slide Rule. Hoare, 59 
Smithy and Forge, Crait^, 9 
Soap Making, H^a/^. 45 
Soils, Burn, 53 
Spanish Dictionary, Elwes, 64 

Grammar, Elwes, 64 

Specifications, Bartholomew, 32 

in Detail. Macey, 31 

Star Groups. Gor^, 41 
Statics, Graham, 17 

and Dynamics. Baker, 61 

Stationary Engine Driving, 
Reynolds, 6 

Steam Engines, Hurst, 6 

Steam and Machinery Manage- 
ment, Bale, 6 
and Steam Engine, Claris 10 



Steam Boiler Construction, 
Hutton, 3 

Boilers. Armstrong, 4 

Wilson^ 3 

Engine, Baker ^ 5 

Goodive, 4 

'— Haeder and PowleSf 5 

Lardner,s 



Safe Use of, 6 

Steel (Structural) Specifications, 

20 
Stone Working Machinery, 

Bale, zi 
Strains in Girders, Humber, 17 

on Ironwork, Shields, 17 

Structural Steel for Marine 

Boilers, 20 

Shipbuilding, 20 

Submarine Telegraphs, Bright, 

30 

Superficial Measurement, 

Hawkings, 38 
Survey Practice, Jackson, 14 
Surveying, Baker and Dixon, 14 

Frome and Warren, 15 

Instruments, Heather, 61 

Land & Marine, Haskoll, 14 

Subterraneous, Fenwick, 28 

Usill, 14 

Whitelaw, 14 

with Tacheometer, Ken- 
nedy, 14 



Tanning, Flemming, 45 
Tea Machinery, Tayler, 47 
Technical Guide, Beaton, 34 

Terms, Fletcher, 8 

Telegraph Material, 20 
Temperature Experiments on 

Electrical Machines, 20 
Temperature Experiments on 

Insulating Materials. 20 
Timber Importer, Grandy, 38 

Merchant, Dowsing, 38 

Richardson, 38 

Toothed Gearing, Homer, 9 
Tramway Poles, 19 

Rails and Fish Plates, 19 

Tramways. Clark, 16 
Transmission by Electricity. 

Atkinson, 29 
Traverse Tables, Lintem^ 28 
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Tree Planter, Wood, 57 

Pruner, Wood^ 57 

Trigonometry, Plane, Hanw, 60 

Spherical, Hann, 60 

Trolley Groove and Wire, 20 
Trusses, Griffiths, 18 
Tunnelling, Prelini and Hill, 15 

Simms and Clark, 15 

Tunnel Shafts, Buck, z6 
Turning, Engineers', Horner, 2 

Lathe, Hasluck, 9 

Metal, Hasluck, 49 

Wood, Hasluck, 49 



Ventilation of Buildings, Buchan, 

Villa Architecture, Wickes, 35 
Visible Universe, Gore, 41 
Vitruvius' Architecture, Gwilt, 

35 
Wages Table, Garbutt, 51 



Watch Jobbing, Hasluck, 49 

Maker, Saunier, 45 

Repairing, Garrard, 45 

Watches, History of, Kendal, 46 
Water Purification, Rideal, 36 

Engineering, Slagg, 12, 36 

Power of, Glynn, 13 

Supply, Humbert 12, 36 

Greenwell and Curry, 

12, 36 
Supply of Towns, Burton, 

",36 
Waterworks, Hughes, 13 

We'1-Sinking, Swindell, 13 

Wireless Telegraphy, Sewall, 30 

Wood Carving for Amateurs, 41 

Engraving, Brown, 48 

Turning, Hasluck, 49 

Woods and Marbles, Imitation 

of, Van der Burg, 39 

Woodworking, Hasluck, 49 

Machinery, Bale, 37 

Workshop Practice, Winton, 9 

Works' Manager, Huiton, 3 
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